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SURFACE LIGHTNESS AND CUES FOR 
THE ILLUMINATION 


Jacob Beck 
University of Oregon 


“Observers who judged the lightness of two equally illuminated targets, one 
of which cast a shadow on a background and one of which did not, per- 
ceived the target that cast a shadow (and thus seemed illuminated by 4 
spotlight) as darker than the other target. The results confirm earlier findings 
that the perception of surface lightness may be affected by cues for the con- 
“ditions of illumination ав well as by the inhibitory interactions underlying 
contrast. The hypothesis is that such cues affect the perception of lightness 
by creating the impression of & ‘special’ illumination. 


Numerous experiments have attempted to show that cues for 
ghtness (see, for 


illumination may affect the perception of surface li 
example, MacLeod, 1932; Kardos, 1934; Gelb, 1929; and Beek, 
1965). A basic paradigm was introduced by Gelb and has been 
used with modifications by both Kardos and MacLeod. In а room 
illuminated by a weak ceiling lamp Gelb focused the concealed 
beam of a projection lantern on & revolving black disk (1929). 
The disk was seen as white and dimly illuminated. When a small 
piece of white paper was placed to intercept the beam from the 
lantern, the percept changed. The disk was now seen as black, 
the paper white, and both as strongly illuminated. The change in the 
appearance of the disk from а dimly illuminated white to a strongly 


iluminated black has been ascribed to the white paper's revealing 


that the disk was strongly illuminated (Woodworth and Schlos- 


berg, 1954, p. 442). 
Kardos later conducted a parallel experiment using & concealed 
shadow (1934). Kardos cast а shadow on a white disk so that 


there was no penumbra to indicate the shadow. The disk was 
seen as unshadowed and black. But when the shadow caster was 
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moved slightly to the side so that the edge of the penumbra be- 
came visible, the disk was seen as white with a shadow over it. 
Similarly, MacLeod has shown that casting a shadow on à back- 
ground, to suggest that a disk standing in front, of the background 
was in shadow, caused the disk to appear lighter (1932). A light 
gray disk that stood in a concealed shadow appeared black when 
no shadow was present on the background. When а visible shadow 
was cast on the background, the disk was seen as а lighter gray in 
shadow. 

These experiments cannot be interpreted unambiguously. 
The changes in the experimental conditions that altered per- 
ceived lightness also altered the luminances in the field. Changes 
in perceived lightness may be the result, therefore, of contra 
effects rather than of the information about illumination. In the 
Gelb experiment, for example, the introduction of a white paper 
not only reveals the presence of a hidden light source but also 
introduees an area of much higher luminance, which, on the 
basis of contrast, would be expected to darken the disk. 
Stewart found that the perceived lightness of a disk was 8 
funetion of the size and position of the small white stimulus 
introduced into the field, the disk becoming darker as the stimulus 
was either made larger or moved toward the center of the disk 
(1959). Newson reported similar results (1958). This indicates 
that the darkening of the disk in the Gelb experiment is at least 
in part due to contrast. 

The lightening of the targets in the Kardos and MacLeod ex- 
periments may also be ascribed to contrast. Making the penumbra 
visible in Kardos’s study changed the contour separating the 
disk from the background from sharp to graded; and as O’Brien 
(1958) and MacLeod (1947) have shown, a graded contour has 
the effect of decreasing contrast. The casting of a shadow on the 
background in MacLeod's experiment would also be expected, on 
E c of contrast, to lighten the disk standing before it. 
Я 15, however; а mistake to conclude that contrast is the only 
pecie the perception of lightness. Beck, using a 

paradigm, found that both cues for illumination and 

contrast may affect the perception of lightness (1965). The pur- 
pose of the present study was to distinguish between the effects 
due to cues for illumination and those due to contrast, in ar 
experimental setup similar to Gelb’s. It was therefore песевва | 
to separate the li ; g 
p ghtness changes expected on the basis of con 
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trast from the lightness changes expected if cues for illumination 
affect perceived lightness. In the experiments reported below, а 
shadow was used to give the impression that a target was strongly 
illuminated by a spotlight. If changes in lightness are the result 
of contrast, the presence of a shadow should either lighten the 
target or produce no change in perceived lightness. If cues for 
illumination affect perceived lightness, а shadow indicating that 
a target is in an enhanced illumination should darken the target. 
In the three experiments reported, the observers judged the light- 
nesses of two equally illuminated targets, one of which cast a 
shadow on the background, indicating that the target was illumi- 
nated by a spotlight, and one of which did not. 


EXPERIMENT I 


Method 


-Materials-Figure 1 shows & schematic representation of the experimental 
arrangement. Two pieces of black matte cardboard 4.75 X 4.5 in. were placed 


WHITE BACKGROUND 
1LLUMINATED AREAS 


WHITE BACKGROUND 


Fig. 1. Schematic representation of the experimental arrangement in Experi- 


ment I. 


on a table 125 in. in front of white backgrounds. The walls beyond the imme- 
diate white backgrounds were a flat black. The two black surfaces were illumi- 


nated by twin projectors set at distances of 72 in. from the surfaces and placed 


80 that they illuminated the surfaces at small slanting angles from the perpen- 
ier was inserted into 


dicular, A slide with a ci 25 in. in diame 
А circular aperture Я t ‹ ‹ 
each of the two projectors to produce directed beams of light. The two illumi- 


nated ar d as the targets. Figure 2 shows photo- 
eas of the black surfaces serve A with the backgroui d 


graphs of the targets with the background shadowed an! т 
unshadowed. In the shadow condition the light fell partly on a corner of The 


Surface, and partly on the background above and beside the surface, producing 
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Fig. 2. Photographs of targets in Experiment I. The left picture shows the 
target casting a shadow on the background, and the right picture shows the 
target without a shadow. The experimental arrangement is shown in Figure 1 


а deep black shadow with sharp contours. In the no-shadow condition the 
light fell half on the black surface and half on the white background. The 
illuminated areas of the black surfaces appeared gray. The illuminated areas 
of the white backgrounds appeared white. The shadow and the unilluminated 
areas of the black surfaces and white backgrounds appeared black. 

The maximum width and height of the illuminated area of the surface in the 
shadow condition was 2.1 in. The width of the shadow was approximately 5 in. 
The maximum widths of the illuminated areas of the surface and background 
in the no-shadow condition were 15 in. The maximum heights of both illumi- 
nated areas were 3 in. The luminances of the targets were 14 ftL and of the 
white backgrounds 180 ftL in both the shadow and no-shadow conditions. The 
luminances of the unilluminated areas of the black surfaces along the contours 
of the circles of light were .04 ftL in both conditions. The luminances of the 
unilluminated areas of the white backgrounds ranged approximately from 42 
ftL along the contours of the circles of light, to .04 ftL at the edges of the 
white backgrounds in both conditions. The luminance of the shadow in the 
shadow condition ranged between 28 and 5 ftL. Luminance measures were 
taken with a Spectra-Pritchard photometer employing a 15-min aperture. 


-Procedure-Before being brought into the experimental room, an observer 
was familiarized with a nine-step Munsell scale (white, 9.5, to black, 15). The 
whitest sample was numbered 1 and the blackest 9. The observer was told 
that in the experiment he would be asked to judge lightness on a scale from 
1 to 9. The experiment was conducted in a darkroom. Each observer was 
brought into the darkroom and stood in front of a screen with a panel set 86 
in. from the surfaces. He was told that when the panel was raised he would see 
two surfaces standing in front of white backgrounds. The targets were always 
referred to as the left (shadow condition) and the right (no-shadow condition) 
surface. The observer was instructed to make quick and unanalytical judg- 
ments of the lightnesses of the two targets using the lightness scale from 1 to 9 to 
rate perceived lightness. There were 39 observers in the experiment, and each 
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made a single rating of the lightness of each of the targets in the shadow and 


no-shadow conditions. 
For 24 of the observers a cont 
dition. The viewing panel was 


rol condition followed the experimental con- 
closed and larger pieces of the same black 


cardboard were substituted for the surfaces. The light from the projectors now 


fell completely on the pieces of 
appeared to be self- 
In the control condition, t 


cardboard. The surfaces under these conditions 
luminous and could not be matched to а scale for gray. 
he observers were asked to judge if the brightnesses 


of the left and right circles of light were the same or if one was brighter than 


the other. 


Results 


Table 1 shows that 29 observers rated the target. (illuminated 
area of the black surface) in the shadow condition as darker and 
that 10 observers rated the targets in the shadow and no-shadow 
conditions as of the same lightness. The mean of the observers’ 


` Experimental condition 
E 


Shadow 
ndition condition 


Table 1. Observers’ lightness judgments 


Control condition 


o he ae De 


Experiment I 
Target darker 
Mean Munsell 

match 


Experiment II 
Target darker 
Mean Munsell 

match 


Experiment III 
Target darker 
Mean Munsell 

8 match 


Note: The t tests of the difference in m! 


29 
7.0 


12 
4.6 


9 
4.3 


No- 1 

shadow Left Right 

Same target target Same 

0 10 4 3 17 
8.1 
1 5 2 0 16 
5.4 
3 6 0 4 14 
5.8 7.5 7.3 


n Munsell matches of the targets in the 


ow and no-shadow conditions were significant in Experiments I and II at 
P < .01 and in Experiment III at p < -05. 


lightness matches of the target in the shadow condition was à Mun- 


sell value of 7.0 and o 
Munsell value of 8.1 [£(38 


f the target in the no-shadow condition & 
) = 909,» < 


01]. The fact that the 


target in the no-shadow condition was seen as a light gray though 


6 BECK 


the luminance ratio of the target to the background was approxi- 
mately 1:13 is consistent with the finding that the darkening pro- 
duced by an inducing field of higher luminance is decreased if the 
target and inducing field are perceived at differing depths (Gogel 
and Mershon, 1969). 

In the control condition, 17 observers saw the left and right tar- 
gets as the same brightness, 4 saw the left target as darker, and 3 
saw the right target as darker. The control condition shows that the 
judged brightnesses of the two targets did not differ when the back- 
grounds were eliminated. 

The fact that a shadow gave rise to an impression of a darker 
target is inconsistent with a contrast explanation. By that explana- 
tion, the shadow, because it was of lower luminance and lay be- 
tween the black cardboard and the white background, should have 
decreased contrast and caused the target casting a shadow to be 
seen as lighter than, or as the same in lightness as, the target with- 
out a shadow. The results are consistent, however, with the hypoth- 
esis that illumination cues can modify lightness. They support the 
hypothesis that the shadow provides direct visual information that 
the target is illuminated by a spotlight. The next two experiments 
were undertaken to further investigate the effect of a shadow cue 
on the perception of lightness with somewhat different targets and 
experimental conditions. 


EXPERIMENTS II AND III 
Method 


~Materials-The aim of Experiments II and III, as of Experiment I, was 
to dissociate the effects of contrast from those of a shadow cue for illumination. 
The surfaces in Experiments II and III consisted of 475 X 45 in. pieces of 
grosgrain black fabric mounted on stiff cardboard and placed 125 in. in front 
of white backgrounds. The two surfaces were illuminated by two projectors 
aligned perpendicularly to the surfaces. The luminance variations due to the 
texture of the fabric introduced internal contrasts that gave the targets (the 
illuminated areas of the surfaces) a gray appearance and enabled them to be 
matched to a scale for gray, even in the absence of the white backgrounds. 
The observers stood on a block so that the shadow behind the target on the 
left could be clearly seen. Figure 3 shows the appearance of the targets in the 
shadow and no-shadow conditions. 

In the shadow condition the maximum width of the illuminated area of the 
target was 2.6 in. and the maximum height was 2.3 in. The width of the 
shadow was approximately 4 in. In the no-shadow condition the maximum 
width of the illuminated area of the surface was 1.1 in. and the maximum 
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Fig. 3. Photographs of targets in Experiments II and Ill. The left picture 
Shows the target casting & shadow on the background, and the right picture 
shows the target without a shadow. 


Width of the illuminated area of the background was 17 in. The maximum 
heights of both illuminated areas were 3.1 in. The luminances of the targets 
were 44 ftL and of the white backgrounds 17 ftL in both the shadow and 
no-shadow conditions. The luminance of the unilluminated area of the target 
along the contour of the circle of light was .001 ftL in both conditions. The 
luminances of the unilluminated areas of the white backgrounds ranged ap- 
proximately from 15 ftL along the contours of the circles of light to .003 ftL 
at the edges of the white backgrounds in both conditions. The luminance of 
the shadow was 40 ftL in both conditions. 


-Procedure-The two surfaces were alternated so that the surface on the 
Tight (no-shadow condition) for one observer became the surface on the 
left (shadow condition) for the next observer. A control condition in which 
the circles of light fell wholly on the surfaces was again run following the 
experimental condition. The remaining procedure in Experiment II was the 
Same as in Experiment I. ч 

In Experiment III, the procedure and apparatus were the same as in Ex- 
periment II except that a Munsell chart was placed 78 in. to the observer's 
left on a stand and illuminated by a 60-w bulb. The bulb was shielded, and a 
check of the luminances of the targets and backgrounds showed that the addi- 
lion of the bulb did not alter their luminances. The observers in Experiment 
Ш were asked to match the lightnesses of the left and right targets in both 
the experimental and control conditions to а value on the Munsell scale. Two 

erent groups of 18 observers served in Experiments II and III. 


"^ d 


Results 


. The results of Experiments II and III, shown in Table 1, were 
like those of Experiment I. The target in the.shadow condition ap- 
Deared darker than the target in the no-shadow condition. In Ex- 
Periment II 12 observers saw the target in the shadow condition as 


| 0 conval 
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darker, 1 saw the target in the no-shadow condition as darker, and 
5 saw the targets in the shadow and no-shadow conditions as of the 
same lightness. The mean Munsell match for the shadowed condition 
was 4.6, and for the no-shadow condition it was 5.4 [t(17) = 4.23, 
p < 01]. 

In Experiment III 9 observers saw the target in the shadow 
condition as darker, 3 saw the target in the no-shadow condition 
as darker, and 6 saw the targets in the shadow and no-shadow 
conditons as the same in lightness. The mean lightness matches 
of the target in the shadow condition was a Munsell value of 4.3 
and of the target in the no-shadow condition a Munsell value of 
53 [t(17) = 2.50, p < .05]. 

The results of the control conditions show that when the back- 
grounds were eliminated, the lightnesses of the two targets did 
not differ significantly. In Experiment II 16 observers saw the 
left and right as the same lightness, 2 saw the left target as 
darker, and none saw the right target as darker. In Experiment 
III 14 observers saw the left and right targets as the same light- 
ness, and 4 saw the right target as darker. The mean Munsell 
match in Experiment III of the left target was 7.5 and of the 
right target 7.3 [£(17) = 1.73, p > 05]. 


DISCUSSION 


The results of these experiments show that under some con- , 
ditions, cues for the illumination may affect the perception of 
lightness. A signifieant number of observers perceived the target 
as darker when a shadow was cast on the background than when 
there was no shadow. The results suggest that the darkening of a 
target in experimental setups similar to Gelb's may be a function 
of the stimulus information that a target is illuminated by a 
spotlight, as well as a function of the inhibitory interactions 
underlying contrast. It would appear to depend on the salience 
of the cues indicating that the target is in a special illumination. 

Needless to say, the difference between an observer's judgments 
of the targets in the shadow and no-shadow conditions is not а 
simple response to information about the conditions of illumina- 
tion. The observers realized that the targets in the shadow and 
no-shadow conditions were both illuminated by projectors. 
Moreover, the brightness of the white background on the no- - 
shadow side would enable the observers to make judgments of the — 
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illumination (Beck, 1961). The equal luminances of the white 
backgrounds would in fact indicate that the two targets were 
equally illuminated. 

Phenomenally, what the shadow produced was the impression 
of a surface illuminated by a spotlight. Without the shadow the 
target was seen as a gray surface and the background as a white 
of a given brightness or insistence. There was no sense of a light 
falling on the surface, as there was for the target casting a shadow 
on the background. The perception of the target in the shadow 
condition as a darker surface appears to have depended on the 
highly specific information, given through the visual system, that 
produced the impression of a target illuminated by a spotlight. 
This is consistent with the earlier finding that lightness perception 
may depend on specific, visually given stimulus information (Beck, 
1969). 

Though beyond the scope of the data, a brief discussion of how 
the shadow cue may influence the processes accounting for the 
perception of lightness is useful. Beck has proposed (1965) that 
the perception of lightness involves two separable components: 
(a) the signals resulting from the operation of sensory processes 
such as adaptation, contrast, and contour formation, which proc- 
esses produce a central neural pattern in accordance with the pe- 
ripheral luminance distribution, and (b) the integrative schema into 
which these signals are assimilated. The sensory signals do not spec- 
ify a particular percept but allow alternative percepts. As a result 
of past experience, there are stored in memory multiple anchors 
based on the appearance of black under different illuminations. 
Whether a stimulus is seen as & black under strong illumination 
or as a gray depends upon the matching of sensory signals to 
internal anchors. One may suppose that as a result of neural 
interactions due to sensory processes, the sensory signals for the 
targets in the shadow and no-shadow conditions are similar. A 
difference in perceived lightness results because the shadow cue 
induces a significant number of observers to assimilate the sensory 
signals into a schema in which the target is perceived as à darker 
surface illuminated by a spotlight. 

It is important to point out th 
Mination is not a necessary con 
Sensory processes such as contrast and adaptation may operate 
to keep colors constant with changes of the jllumination (Stevens 
and Stevens, 1960; Hurvich and Jameson, 1966). Moreover, infor- 


at the apprehension of the illu- 
dition for lightness constancy. 
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mation about the illumination does not in all cases affect the 
perception of lightness (Beck, 1961). The results of the present 
and earlier experiments (those by MacLeod, 1932; Kardos, 1934; 
Gelb, 1929; Beck, 1965) suggest that it is stimulus information 
which effectively creates the impression of a ‘special’ illu- 
mination—as in the apprehension of a decreased illumination due 
to a shadow or an enhanced illumination due to a spotlight—that 
affects lightness perception. It is the perception of a special illu- 
mination that appears to be decisive. Thus, a Mach card with one 
side directly illuminated and one side indirectly illuminated is 
seen to be of the same lightness on both sides because of stimulus 
information that causes an observer to apprehend the side of 
lower luminance as a difference in the illumination of the surface 
(Beck, 1965). 

It is also important to note that basic differences may occur 
among observers in their attitudes of observation. Henneman re- 
ported that observers could make either of two color matches, 
“taking the standard as ‘gray’ and ignoring the illumination of 
the field, or seeing it as ‘white’ in a region of shadow” (1935, p. 65). 
The results show that the shadow cue in the present study was 
not equally effective with all observers in causing the target in 
the shadow condition to appear darker. Henneman also reported 
that observers’ lightness judgments could be changed by instruc- 
tions. Informal observations in the present study indicated that 
some observers could adopt an attitude in which the target in the 
no-shadow condition could be seen as darker under a spotlight. 
However, this was generally difficult, and for most observers the 
shadow cue was necessary for them to see the surface as spot- 
lighted, In any event, the results of the present experiments cor- 
roborate earlier findings that lightness perception may be a function 
of stimulus information concerning the conditions of illumination 


ri Е, as a function of the inhibitory interactions underlying con- 
rast. 


Notes 
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STIMULUS AND RESPONSE AVAILABILITY 
IN ASSOCIATIVE LEARNING 


Ernest N. Damianopoulos 
University of Iowa 


A three-stage transfer design (РА1, FRL, РА?) was used to further assess 
the quantitative contribution of stimulus and response learning to the learn- 
ing of paired associates. The stimulus and response items were drawn from 
different populations, and two rates of item exposure (2:2 and 4:4 sec) were 
employed in the PA2 task. No specific facilitative effects due to stimulus and 
response learning were observed, contrary to the general conceptualization. 


The rather well established generalization that response learn- 
ing and, to a lesser extent, stimulus learning are component 
processes in the learning of paired associates was investigated by 
Damianopoulos (1969) in an effect to assess the quantitative 
contribution of stimulus and response learning (as compared to 
that of stimulus and response association). Contrary to the earlier 
confirmatory results of Horowitz and Larsen (1963), Jung (1965), 
Orlowski and Walsh (1967), and Underwood, Runquist, and 
Schulz (1959), the results obtained were negative, as no specific 
facilitative effects were observed in the paired-associates task that 
followed stimulus and response availability training on a modified 
free-recall learning task. 

Three interpretations were given to these unexpected results. 
One interpretation was that perhaps the association of stimulus 
and response plays a much larger role than does the learning of 
them. The almost perfect terminal recall of the stimulus and re- 
sponse items of the availability training reinforced this interpre- 
tation; the items were available but played no role, or at best, a 
minor one. The second interpretation was that perhaps differential 
negative and positive effects due to intraserial associations were 
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formed in the availability-training stage and then obscured the 
effects of stimulus and response learning (Jung, 1967). However, 
an intraserial-association analysis of the data from the availabil- 
ity training revealed no evidence to support this interpretation. 
The third interpretation was that perhaps stimulus-response con- 
fusion masked any possible facilitative effects, since the CVC 
sample (the source for both stimuli and responses) had been 
drawn from a single population; or that perhaps the short 2:2 
presentation rate of the paired-associates task masked the facili- 
tative effects, since the items could not be recalled in time. 

These three interpretations were tested further in the present 
experiment. It was hypothesized that if stimulus-response con- 
fusion or rate of presentation had contributed to the negative 
findings of the earlier study, facilitative effects of stimulus and 
response learning ought to occur when the stimulus and response 
items were drawn from different populations and a 4:4 rate was 
added in the paired-associates phase. 


METHOD 


~Apparatus, materials, and subjects-The apparatus, materials, and subjects 
were essentially the same as those described earlier (Damianopoulos, 1969). A 
Lafayette memory drum, Model 303B, was used to display four lists of items. 
The items in the lists were drawn from two different populations. One-half of 
the items were CVCs of medium association value (4796-5396) and of ranked 
difficulty (4-6 on a scale of difficulty from 1 to 9), drawn from а population 
compiled by Battig2 The other items were four-letter English words of 
medium frequency, from a count compiled by Lorge (1949). я 

The CVCs and words were arranged in six lists, four of which were for the 
availability training (free-recall learning; FRL) and two of which were for 
the paired-associates tasks (РА1 and PA2). The availability-training lists 
consisted of two five-item CVC lists and two five-item word lists, designated 
А, B, C, and D: A and C were word lists, B and D were CVC lists. The 
paired-associates lists were made up of word-CVC pairs, the word as stimulus, 
the CVC as response item. One of the lists, A-B, was derived from paired 
(‘relevant’) A and B items; the other list, E-F, consisted of items unrelated 
(irrelevant’) to the availability-training list. Rate 

The subjects were volunteers from the introductory courses at Indiana La 
versity Southeast and were assigned in order of appearence to 10 experimenta 
and control groups, 10 subjects to each group. Four subjects were avi 
and replaced: two because they failed to learn a three-item practice list, the 
others because they took more than 30 trials to reach criterion on one of the 
lists of paired associates. 


~Design and procedure-The three-stage transfer design consisted of an ir- 
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relevant paired-associates task (E-F), a paced availability-training task that 
included relevant and irrelevant items, and finally a relevant paired-associates 
task (A-B). The decision to place the irrelevant paired-associates task first 
was guided by two considerations: (a) a need to assess directly the equality 
of the groups prior to administration of the main treatment and (b) a need 
to reduce the variance attributable to learning-to-learn effects prior to the 
main treatment (so as to increase design precision). Altogether, there were 
10 treatment groups arranged in a 2 X 5 factorial design. One dimension con- 
sisted of five treatment conditions in availability training (А,В; Ар; СВ; 
C.D; and О, and the other dimension consisted of two rates of item presenta- 
tion in the A-B task (2:2 and 4:4 sec). 

After mastering а three-item practice list, the subject learned the E-F list. 
Upon mastering this task, he learned two availability-training lists in sequence. 
Depending on his group assignment, he learned either the A,B lists, the A,D 
lists, the C,B lists, the C,D lists, or, in Group O, nothing. In the practice trials 
of availability training, the items were presented in a random sequence at a 
2-sec rate for all groups. In the test sessions, the subject, upon observing а 
signal to start (two red arrows), recalled, in any order, the items from the 
list, again at a 2-sec rate. The memory drum was used here as a pacing 
device. Every time the memory drum advanced the empty paper scroll, the 
subject was required (by the instructions) to recall an item from the list. In 
this way, the verbal responses were paced to occur only during the 2-sec 
interval when the paper scroll was on display. The subjects in Group O were 
instructed to sit for 5 min on a nearby chair, until the experiment could be 
resumed. Half of the subjects learned the CVC list first, then the word list; 
while the other half learned the lists in the reverse order. 

The A-B list of paired associates was administered immediately upon com- 
pletion of availability training. There was a 2:2-sec presentation rate for one 
group, and a 4:4 rate for the second group. All these tasks were learned to а 
criterion of one perfect trial. There was, throughout, a 1-min intertask interval. 
At the end of the experiment, the subject was asked to recall the stimulus and 
response items of the availability-training task and also to describe how the 
two paired-associates tasks were learned (mnemonic devices). Finally, the 
subject was thanked for participating in the experiment and cautioned not to 
discuss it with any but those who had already participated. 


RESULTS 


The mean number of trials required to learn E-F, the first paired- 
associates task, to a criterion of one errorless trial ranged from 5.9 
to 12.8 trials. The treatment groups A,B, A,D, C,B, C,D, and O of 
the 2:2 rate (at this point these are all dummy groups) required 
10.3, 5.9, 11.9, 9.0, and 7.9 trials respectively, while the correspond- 
ing groups of the 4:4 rate required 12.8, 10.3, 6.5, 12.1, and 11.2 
trials respectively. A two-factor orthogonal analysis of variance 
revealed that none of the mean differences reached significance, 
either for treatment [Р (4, 90) = .754, р > .05], or for rate [F (1, 
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90) = 1.359, р > .05], or for the interaction of treatment and rate 
F(4,90) = 1.646, p > .05]. A correlational analysis of the rela- 
pnship of performance on E-F to that on A-B was carried out to in- 
igate the assumptions that performance on E-F was an adequate 
cator of treatment-group equality for the criterion task, A-B, 
nd that E-F learning could indeed reduce variance, due to learning- 
lo-learn effects, on task A-B. Separate analyses for the 2:2 and 4:4 
groups revealed a moderate positive relationship, +39 and +.64 
respectively (Lindquist, 1953, p. 321). 
` The number of trials required to learn the two availability-train- 
ing lists to a criterion of one errorless trial appears in Table 1, 
1 which shows that the mean number of trials for the five-item CVC 
lists ranged from 3.3 to 6.3 trials. A two-factor orthogonal analysis 
of variance revealed no significant difference among the mean dif- 
| ferences for treatment [F (3.72) = 2.153, p > .05], for rate [F (1, 72) 
= 004 p > .05; the rate groups here again being dummy groups], 
“or for the interaction of treatment and rate [F (3, 72) = .600,р > 
05]. As can be seen from Table 1, the five-item word lists were 
learned within two trials. A similar analysis of variance revealed 
“that the treatment means (ignoring presentation rate) differed 
$ significantly [F (3,72) = 4.26, p < 05]. However, no practical sig- 
nificance could be attached to this finding since the overall treat- 
ment means ranged only from 1.2 to 24 practice trials. All other 


comparisons were nonsignificant. 


Table 1. Mean number of practice trials to one perfect trial in availability training 
, Group 
А,В A,D ‚В c,D 
Presentation ERE SS ee 
І rate CVCs Words CVCs Words CVCs Words CVCs Words 
22s 
x di 1 Ў 2. d 1.3 3. 1.1 
] 1. í "Lo vU fl 


SD 


n rate on list A-B. 


* 6.3 2 
SD 3.7 E 
4:4-sec rate 
x 5.2 1.2 
1.6 4 
Note: Here as elsewhere ‘rate’ refers to the presentatio 


The specific effects of stimulus and response availability on the 
learning of the paired associates Were determined by comparing 
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Groups A,B, A,D, and C,B against Group C,D on the criterion 
measure, number of trials to learn A-B. It was expected that, with 
differentiated stimulus and response items and with the added 
4:4-sec rate, Groups A,B, A,D, and C,B (as compared to Group 
C,D) would show facilitation at both presentation rates. However, 
as Table 2 shows, the mean numbers of trials to criterion were 
virtually identical for all groups at either rate. A two-factor orthog- 
onal analysis of variance revealed no overall significant differences 
among the treatment means (ignoring presentation rate) [F (4, 90) 
= .262, p > .05]. Presentation rate (ignoring treatment), however, 
did show an overall difference [F (1,90) = 27.711, p < .01]. The 
4:4 groups required fewer trials than did the 2:2 groups, which is 
in keeping with prior studies showing that presentation rate is an 
effective variable. The expected interaction of treatment and pre- 
sentation rate did not materialize [F (4, 90) = .192, p > .05]. A co- 
variance analysis using, for each subject, the number of trials to 
criterion on E-F as the control measure similarly revealed no dif- 
ferences among the treatment means [F (4,90) = 284, p > .05]; 
it did reveal a clear-cut effect of presentation rate [F(1,90) = 
39.969, р < .01] ; again, the interaction was not significant [F (4, 90) 
= 414, p > .05]. Thus, the results neither show facilitative effects 
due to stimulus and response availability nor do they demonstrate 
nonspecifie effects at either the short, 2:2, or the longer, 4:4, pre- 
sentation rate. 


Table 2. Mean number of practice trials to one perfect trial on List A-B 


Group 
Presentation rate А,В A,D C;B CD О 
2:2-sec rate 
ч ae шд n He E 
M S rate à i 
SD BEES neue n 
—— Ó—— $— 3. a Hon d 


Since in a Task 1-Task 2 transfer paradigm, transfer effects are 
mainly confined to the first few learning trials of the second task, 
the learning rates on the first five trials of the 2:2 groups and the 
first three trials of the 4:4 groups were examined, to see if any 
effects of stimulus and response availability might show up there. 
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Table 3 shows the mean numbers of items learned. A Lindquist 
(1953) Type I analysis of variance was performed separately for 
the two presentation rates. It revealed that treatment mean differ- 
ences at the 2:2 rate did not reach significance [F (4,45) = .763, 
p > .05]; practice-trial mean differences were significant [F (4, 180) 
= 21.847, p < .01]; the interaction of treatment and trials was not 
significant [F (16, 180) = .767, р > .05]. The same analysis at the 


Table 3. Mean number of correct items on the early trials on List A-B 


Trials 
. uS ee ee eee 
Presentation rate 1 2 3 4 5 
2:2-sec rate 
Group A,B 
X 1.0 dT 1.5 2.4 2.5 
SD 1.5 7 1.5 1.0 7 
Group A,D. 
P4 1.3 1.5 1.9 2.4 3.0 
SD 6 1.0 1.0 .9 8 
Group C,B 
X 1.8 147 2.1 2.7 3.3 
SD 1.2 1.6 1:5 1.1 1.0 
Group C,D 
X 1.7 1.9 2.8 2.7 3.1 
SD 4 5 4 
Group O 
X 1.8 1 2.1 2 2.3 
SD 5 5 5 4 5 
4: 4-sec rate 
Group A,B 
X 2:2 3.0 3.7 
SD 1.6 109 1.3 
Group A,D 
X 1.8 2.4 2.9 
SD 9 1.5 1.3 
Group C,B 
X 2.4 3.0 3.7 
SD 1.1 1.3 1.8 
Group C,D 
x 9 2:3 3.3 
SD 9 8 1.6 
Group O 
X 2.0 2.7 3.4 
SD 6 1.0 .9 


Р.О oo o o LS 
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4:4 rate similarly revealed no significant treatment mean differences 
[F (4,45) = 1.972, p > .05], a significant effect of trials [F (2,90) = 
33.367, p < .01], and no significant interaction of trials and treat- 
ment [F (8,90) = .758, р > .05]. A covariance analysis using, for 
each subject, the number of trials to criterion on E-F as the control 
measure revealed no differences among the treatment means on the 
total number of items learned after five trials [F (4, 45) = .736, 
p > .05]. A similar analysis for the 4:4 groups after three practice 
trials also revealed no treatment mean differences [F(4,45) = 
1.912, p > .05]. Thus, once more, there were no observable effects of 
stimulus and response availability on the learning of paired asso- 
ciates. 

An analysis of the data on the CVCs of availability training 
was carried out to determine if the results described above could 


be attributed to that training's differential intralist-association 


effects on the A-B task (Jung, 1967). The number of items occur- 
ring in an adjacent relation, forward or backward, in the next-to- 
the-last and in the last trials were compiled. The results are 
presented in Table 4. The individual means shown were then com- 
pared by a t-test analysis against an expected (chance) mean of 
one adjacent (forward or backward) relation. None of the mean 
comparisons reached significance according to conventional t-test 
analysis. The expected mean was determined empirically. Twenty 
sequences of numbers 1-5 were recorded from a table of random 
numbers, repeated numbers being excluded. Taking two sequences 
at a time, a count was then made of repeated two-number sequences 
(i.e., numbers adjacent in either forward or backward direction). 
Another restriction was imposed in that on n — 1 of each set, the last 
number was always discarded. The observed rate of adjacent- 


Table 4. Mean number of items occurring in an adjacent (forward or backward) 
relation in the next-to-last and last trials of availability training 


— M——À—— 


Group 
Presentation rate A,B A,D C,B C,D 
2: 2-sec rate 
x 1.2 1.0 8 8 
SD 8 1.3 8 .6 
4: M rate 
5 1.2 5 5 
SD E 1.0 27 ГА 
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number frequency was 2, 1, 0, 1, 2, 0, 1, 1, 0, and 1 for the 10 sets 
of five-number sequences. 
An analysis of overt errors on list A-B was carried out as an alter- 
|. nate method of assessing intralist associations from availability 
training. For each subject a count was made of the total number of 
misplaced responses made in learning list A-B to criterion. The re- 
sults appear in Table 5, which shows that the group means ranged 
from 2.9 to 9.7. A two-factor orthogonal analysis of variance re- 
vealed no significant overall treatment mean difference [F (4, 90) = 
1.222, p > .05]. The presentation-rate comparison did reveal a mar- 
ginal difference between means [F (1, 90) = 2.793, p < 105 > .025]; 
however, following Linquist’s advice (1953, p. 83) on violations of 
the homogeneity-of-variance assumption, a stricter alpha criterion 
(р € 025) was adopted and the null hypothesis could not be re- 
jected. The interaction of treatment and rate was not significant 
[F (4, 90) = .559, p > .05]. Thus, again, no affirmative evidence was 
observed for possible differential intralist-association effects on the 


criterion task, A-B. 


LI 
Table 5. Mean number of misplaced responses on List A-B 


Presentation rate A,B A,D C,B ср 0 


2:2-sec rate 
6 
SD 3. 


4: 4-ѕес rate 


= 


SD 


A terminal recall test of the CVCs and words showed, in contrast 
to the results of the previous study, that the items from availa- 
bility training could not be readily recalled. The highest rate of 
recall was on the relevant items (those which appeared as stimulus 
and response items in the subsequent A-B task) and it reached 


only 50%. 


DISCUSSION 


Consistent with the previous findings by Damianopoulos (1969) , 
the present results failed to reveal specific facilitative effects of 
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stimulus and response availability on a subsequently learned 
paired-associates task. No effects were observed either on the 
criterion measure—number of trials to learn list A-B—or on the 
number of items learned in each of the early practice trials on 
list A-B. These results are contrary to a considerable body of 
evidence that response learning and, to a lesser extent, stimulus 
` learning are component processes in associative learning (Horo- 
witz and Larsen, 1963; Jung, 1965; Orlowski and Walsh, 1967; 
Underwood, Runquist, and Schulz, 1959). 

The present results also failed to support two of the interpreta- 
tions hypothesized to account for the earlier negative results 
(Damianopoulos, 1969). There was no evidence of differential 
intralist-association effects on the A-B task. Differentiating the 
stimuli from the responses in availability training and in the A-B 
task did not lead to a facilitative effect; nor did lengthening the 
item rate of presentation from 2:2 to 4:4 sec in the A-B task. 
Thus, the only remaining interpretation seems to be that stim- 
ulus and response learning (as compared to the association of 
them) play no role at all, or at best, a minor one, as component 
processes in the learning of paired associates. Perhaps one can 
conceptualize stimulus and response learning as secondary proc- 
esses, or even as by-products, of the process of stimulus-response | 
association. If the paced-recall trials during availability training 
prevented rehearsal and other organizational processes from taking 
place in the present experiment, one could cite this factor as & 
possible explanation of the earlier positive findings. 

The findings of the present experiment are not as unique as they 
might first appear. For example, Blanchard, using a similar design, 
found that a group receiving 40 familiarization trials on irrelevant 
items did not differ significantly from a group that got 40 trials 
on relevant items (1967). Since the first group was the proper 
control for evaluating specific transfer effects due to response fa- 
miliarization, it can be concluded that Blanchard, too, did not 
find evidence for the Tesponse-learning hypothesis. Blanchard was 
“puzzled” (p. 670), but the message remained uncommunicated. 
Nelson also did not find specific transfer effects (1967). These 
two investigators apparently failed to consider it an operational 
requirement that only Specific transfer effects be considered as in- 


dicative of stimulus- and Tesponse-learning effects on a subse- 
quently learned paired-associates task. 


The conclusion reached above—based, as it is, on negative 
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findings—is open to at least two criticisms. The first stems from 
the relative ease with which the availability-training task was 
learned, Since the five-item response list was learned in about five 
trials and the five-item stimulus list was learned in only one or 
two trials, the task might have been too easy to have had an effect 
on the subsequently learned paired-associates task. The second 
criticism stems from the moderate correlation observed between 
E-F and A-B list learning. The inference of treatment-group quality » 
on A-B from E-F performance is open to doubt, as is the inference 
about learning-to-learn effects. One explanation of the correlation, 
however, might be based on the progressive effects of the first task 
on the second task. Inasmuch as the tasks were sampled from the 
same source, the subjects who required a large number of trials to 
learn the first task might, on that basis alone, have required a 
relatively small number of trials on the second task. And learning- 
to-learn effects from the first task might have been greater for the 
subjects who spent a longer period on the first task; hence, the 
moderate correlation. 

In view of the two criticisms, and others concomitant with nega- 
tive results, the effects of stimulus and response learning on the 
learning of paired associates might be evaluated further by such 
an alternative method of producing stimulus and response availa- 
bility as using paired items (n-S, n-R) 
vant (S-R) paired-associates task. Bureau of Ednl. & Psyl. Researe 
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for publication June 12, 1970. 
К isti ive feature of the Damianopou study was that tl 


availability training was administered on relevant and irrelevant ams 
and response items by means of a paced free-recall learning task TR e 
item-presentation rate was held constant at 2 sec with a 2-sec interval. 
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A COMPARISON OF TWO METHODS 
OF VALUE MEASUREMENT 


Theodore W. Lorei and Jacob Cohen 
Veterans Administration Hospital, Washington, D.C., and New York University 


Category rating and ratio estimation were used by 621 staff respondents to 
scale the importance (value) of 16 possible outcomes of releasing psychiatric 
patients or keeping them in the hospital. Stevens's claim that the relationship 
between the two methods is intermediate between linear and logarithmic was 
confirmed for seven of the eight occupational groups—but not for psychologists. 
The two methods yielded essentially identical answers to the substantive sur- 
vey questions. 


The writers have recently reported the results of a multi- 
hospital survey of staff opinion about the importance (value) of 
several possible outcomes of releasing psychiatric patients or re- 
taining them in the hospital (Lorei, 1970; Lorei and Cohen, 1970). 
The present article focuses in detail on the procedures used to scale 
these judgments of importance and compares the results of two 
different scaling procedures. 

The survey objectives required that the importance of the out- 
comes be measured on an interval scale, and according to common 
opinion, several procedures—pair comparisons, category rating, 
ratio estimation—should produce such scaling. Recent research, 
however, has shown that for prothetic continua? the procedures just 
mentioned do not yield equivalent results: the scale values are not 
linearly related (Ekman and Sjöberg, 1965; Stevens, 1966). The 
usual finding is that when a category or pair-comparison scale is 


- plotted along the ordinate and a ratio-estimation scale along the 


abscissa of linear coordinates, the curve is (concave downward.’ 


Stevens interprets this relation as reflecting unequal intervals on 
the pair-comparison and category scales (1966). 
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Assuming (a) that neither pair comparison nor category rating 
yields interval-scale measurement for prothetic attributes and (b) 
that importance (value, utility) is a prothetic variable, as Stevens 
suggested (1959, p. 53), ratio estimation would seem to be the pro- 
cedure of choice in the present context. Not all are as convinced 
as Stevens, however, that the nonlinearity between the results of the 
sealing procedures is due to bias in the pair comparisons and cate- 
gory ratings (see Ekman and Sjéberg, 1965). Further, a pilot 
study of hospital staff showed an extremely high (linear) correla- 
tion between scale values resulting from category rating and direct 
estimation, suggesting that it made little difference which one was 
used. (The pair-comparison technique was not considered be- 
cause the relatively large number of outcomes would have made 
the comparison task unduly burdensome.) 

The present paper reports a comparison of the results of using 
both category-rating and ratio-estimation methods with a large 
sample of hospital staff. More specifically, the study sought to deter- 
mine (a) whether the form of the relation between the results of 
the two scaling procedures was consistent with the results reported 
by Stevens (1966) and (b) whether the two methods yielded es- 
sentially identical answers to the substantive survey questions. 


METHOD 


-Category rating-Sixteen possible outcomes of releasing or retaining patients 
were formulated and presented to hospital staff in the form of the Release/ 
Retention Outcome Inventory. The inventory items appear in Table 1. Sub- 
jects were instructed to rate the importance of each outcome on а scale 
ranging from 0 (not at all important) to 8 (extremely important). Although 
they were not explicitly told to consider the intervals between scale points аз 
equal, it was assumed that the scale-point numbers would imply such equality 
to them. To establish a frame of reference that would not shift during the 
rating process, the subjects were asked to look over the total set of outcomes 
before beginning. 


-Ratio estimation-Essentially the same items, with very minor rewording 
necessary in some cases to fit the rating format, were presented to the sub- 
jects in a diagrammatic form to elicit ratio judgments? The diagram was а 
flow chart showing a branch point labeled “to release a mental patient or 
not” followed by two blocks labeled “release” and “keep.” The possible release 
and retention outcomes were listed after the appropriate block in a column 
captioned “possible outcomes in the future.” Subjects were instructed to read 
through the list of possible outcomes, select the most undesirable outcome, 
and assign it a value of —100. They were further instructed to rate the 
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Table 1. Items of Release/Retention Outcome Inventory 


سے 
If it were entirely up to you whether or not to release а patient, how important‏ 
would it be to you that...‏ 


1. He be recovered enough so that he wouldn’t cause his family a lot of worry 
and annoyance? 

2. He be recovered enough so that people wouldn’t be able to take advantage 
of him (such as cheating him out of his money or not paying him enough for 
his work)? 

3. He be recovered enough so that people wouldn’t make fun of him or avoid 
him? 

4. He spend his time working or doing something else useful (for example, 
helping out at home or doing volunteer work)? 

5. He be out of the hospital so he could decide things for himself and run his own 
life? 

6. He not seriously hurt (or even kill) himself or anybody else? 

7. His family not complain to important people (such as а congressman) 
because he was released? (This question assumes that, in your best judgment, 
he should be released.) 

8. He not be very lonely or unhappy outside of the hospital? 

9. He not drink so much that he would injure his health, get into fights, or make 
life miserable for others? и А 

10. Не not be a serious financial or physical burden on his family? 

11. He not be too unhappy with your decision, whichever way it went? 

12. He not need to seek support from “welfare” for the necessities of life (food, 
clothing, etc.)? 


In deciding whether to release the patient or not, you would also want to consider 
some of the possible results of keeping him in the hospital. How important would 
it be to you that ... 


13. He not become "'institutionalized," that is, that he would not become with- 


drawn and uninterested in leaving the hospital? 4 : 

14. He not use the hospital mainly аз а hotel and thus avoid going to work or 
facing other responsibilities? A 

15. You not be criticized by “higher-ups”” because the patient turnover on your 
ward is too low to satisfy them? abo 

16. Ніз family not complain to important people (such as а congressman) about 
your keeping the patient in the hospital? (Again, it is assumed that, in your 
best judgment, he really needs to be there.) 


Note: Immediately following each item, a scale ranging from 0 to 8 was presented 


В ^ Т : Е htl; 
with the following scale-point definitions: not at all important, very slightly, 
a little, mildly, moderately, quite & bit, distinctly, markedly, and extremely 
important. 


undesirability of the remaining outcomes by assigning numbers that reflected 
their ratios to the outcome rated —100. 

-General procedure and subjects-For both sets of ratings the subjects were 
asked to assume that release/retention decisions were entirely up to them, 
whether or not their usual responsibilities included this kind of decision mak- 
ing. The two sets of ratings were obtained in an individual session with a 
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research psychologist or social worker. The inventory was always administered 
first so that whatever order effects might exist would be uniform. Subjects 
were asked to read the instructions for both instruments, and they were en- 
couraged to ask for further explanation if they felt the need. After both 
sets of ratings had been completed, the interviewer asked a few questions to 
determine how well the subject had understood the rating task. Both sets of 
ratings were obtained from 621 subjects from 6 of 12 participating hospitals. 
The ratings were obtained from the eight occupational groups listed in Table 
2. Random samples of nurses and nursing assistants were selected; all eligible 
employees in the remaining six groups were included. Only the inventory was 
administered at the remaining 6 hospitals. 

The mean ages of the occupational groups ranged from 40 for nursing as- 
sistants to 56 for physicians. The mean number of years of education varied 
from 11 for nursing assistants to 20 for psychiatrists, other physicians, and 
psychologists. 


RESULTS 
Understanding of rating tasks 


For the 621 respondents who performed both scaling tasks, the 
percentages of the subjects rated as ‘very probably meaningfully 
completing’ the task were 74.5 for category rating and 67.1 for ratio 
estimation; and as ‘quite probably meaningfully completing,’ 18.7 
for category rating and 24.0 for ratio estimation. The differences 
are significant and, when netted out, favor the category rating, as 
anticipated, but not to a substantial degree. Thirteen subjects were 


dropped from further analysis because their understanding or co- 
operation was judged very poor. 


Relation between category and ratio scaling 


To determine the degree and form of the relation between the 
two scales, the following analyses were performed. The scale values 
(arithmetic means) for each of the 15 comparable outcomes result- 
ing from each procedure were computed for each of the eight 
occupational groups and for all groups combined. Stevens states that 
ee темир for prothetic continua is not linear but, rather, 

roughly logarithmic (1968, p. 179) or, more specifically, “inter- 
mediate between linear and logarithmic” (1968, p. 177). To test this 
proposition, two series of polynomial multiple-regression analyses 
(Cohen, 1968) were run on each group's scale values from the two 
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Table 2. Results of two series of polynomial multiple-regression analyses for relat- 
ing category-rating and ratio-estimation scale values of outcomes 


EO mE 


] Independ- 
ent Cumulative Independent Cumulative 
variables m Am variables m 
Psychiatrists (N = 64) 
RE .935* .935** LRE .964 .904** 
RE? 971 .036** LRE’ .973 .009 
RE* .971 .000 LRE* .973 .000 


Physicians (N = 26) 
RE .868 .868** LRE .908 .908** 
RE 1917 .049* LRE .920 .012 
RE: .918 .001 LRE* .920 000 


Nurses (N = 179) 
RE .928 .928** LRE .955 .955** 
RE? .966 .038** LRE? .965 .010 
ЕЕ? .966 .000 LRE* .968 .003 


Nurses assistants (N = 165) 
RE .932 .932** LRE .973 .973** 
RE: .975 .043** LRE* 974 .001 


| 
| RE: .975 000 LRE’ .974 .000 


Psychologists (N = 46) 
RE .982 .982** LRE .935 .935** 
RE: .985 .003 LRE? .983 .048** 
RE: .985 .000 LRE* .984 .000 


RE .945 .945** LRE .926 .926°* 
RE: .967 .022* LRE: .964 .038** 
1 RE .969 .002 LRE* .965 .001 


КЕ .912 .912** LRE .937 .937** 
RE? .955 .043** LRE .951 .014 
RES .955 .000 LRE .953 .002 


| Administrative personnel (N = 23) 
КЕ .925 .925** LRE .910 .910** 
| RE: .956 .031* LRE: .953 .043** 


RE: .961 .005 LRE’ .960 .006 


КЕ .943 .943** LRE .959 .959** 
RE. .976 .033** LRE? .973 .014* 
RE .976 .000 LRE’ .973 .000 


Note: PMR personnel are Physical, Medicine, and Rehabilitation pe 


rsonnel. 
АА] cumulative R? in this table significant at р < 01. **p < 01. *p 


< .05. 
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procedures to determine the form of the relationship between 
them. 

First, to test the hypothesis of nonlinearity, using category rating 
as the dependent variable, analyses were performed using as indepen- 
dent variables the ratio estimations RE, RE?, and RE* cumulatively 
(i.e., first RE, then RE and RE?, then RE, RE?, and RE’). The first 
three columns of Table 2 give for each group the R? at each stage, 
together with the change from the previous stage (A), and the 
significance of the latter. 

Second, to test the hypothesis that the nature of the relationship 
is logarithmic or between logarithmic and linear, analyses were per- 
formed again with the category-rating scale value as the dependent 
variable, but now with the logarithm of the ratio-estimation scale 
values as independent variable used as a polynomial set, as above 
(e.g, LRE, LRE*, LRE?). The last three columns of Table 2 give 
the R? and A at each stage for each group, as before. 

From Table 2, it is apparent that the linear relationship between 
ratio-estimation and category-rating scale values found in the 
first series of analyses was strong for the (N = 15) rated outcomes. 
The squared correlations ranged from .868 (physicians) to .982 
(psychologists), with a median of .934. (In the more familiar terms 
of r, the values were .932 to .991, with a median of .966.) Granted 
the strength of this linear relationship, the addition of RE?, which 
provides for simple (“one-bend”; see Cohen, 1968) curvilinearity, 
brought a significant improvement in all the groups except for the 
psychologists (to whom we will return below). With the same ex- 
ception, the regression coefficient for RE? was always negative, 
indicating that the regression of category rating on ratio estimation 
was concave downward. Moreover, this relationship had no hint 
of second bend: the AR? for RE? was uniformly trivial. Thus, in 
seven of eight groups the relationship was curvilinear and of the 
general shape Stevens posits, 

If we compare the squared correlations with category-rating 
values for ratio-estimation values (from the first series of analyses) 
with those for the logarithm of the ratio-estimation values (from the 
second series of analyses), we find the eight groups equally divided 
as to whether the linear or logarithmic relationship was the larger- 
This is consistent with Stevens’s claim of a relationship whose form 
is intermediate between the two. When the form of the regression of 
category-rating values on the logarithm of ratio-estimation values is 
further studied by adding LRE?, in three of the eight groups the 
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increase in R? was significant (with only 12 error df), and in all 
eight groups the regression coefficient for LRE? was positive. 
Thercfore, the regression of category-rating values on the logarithm 
of ratio-estimation values was always concave upward, indicating 
that the departure from a logarithmie function was always in the 
linear direction, although not necessarily significantly so. Again, 
there was no hint of a double bend from ARE". 

Taken in all, in seven of the eight groups, Stevens's claims were 
exactly supported: the regression of category-rating on ratio- 
estimation values was nonlinear, in fact lying precisely between a 
linear and logarithmic form. The psychologists’ scalings constituted 
a perverse exception. For them, the category rating-ratio estimation 
relationship was emphatically linear: the squared linear correla- 
tion (from the first series of analyses) was .982 (hence, r = .991) and 
the addition of RE? yielded virtually no increase; indeed, there was 
hardly room for any increase. Consistent with this, the squared 
correlation of category-rating values with the logarithm of ratio- 
estimation values (from the second series of analyses) was only 
935; only when LRE? was added, and bent the logarithmic regres- 
sion back to linearity, did R? attain the same magnitude (.984) as 
the squared linear correlation (.982). Thus, the psychologists uniquely 
among the eight occupation groups showed an almost perfect 
linear relationship between their category-rating and ratio-estima- 
tion scalings of the 15 outcomes. We can only speculate about this 
peculiar phenomenon. Perhaps the training of psychologists sensi- 
tizes them to avoid permitting variability to inerease with the in- 
tensity of the prothetie continuum, the reason given for the non- 
linear relationship (Ekman's law; see Stevens, 1968). Perhaps this 
particular continuum—importance of outcomes— was not intensive 
(prothetic) but, rather, qualitative (metathetic) for the clinical 
psychologists making these ratings, in which case the relationship 
of the two methods should be linear (Stevens, 1968, p. 177). Or, 
finally, this may simply have been а chance departure toward linear- 
ity from the usual relationship. Only further scaling research with 
psychologists as subjects can solve this puzzle. 

In brief, Stevens's claim that the relationship between category 
and ratio (or magnitude) scaling of attitudes is intermediate between 
linear and logarithmie was strikingly confirmed for seven of the 
eight occupational groups rating the importance of outcomes of the 
release/retention decision in psychiatric hospitalization. 
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Consequences of the two scaling procedures for the substantive sui 
questions 


The question of how the results of the two scaling proced 
relate to each other is an important one for theory. The second issue 
of this paper concerns the differences that the use of one or the other 
procedure would make for a specific substantive application, 
investigate this second point, the analyses bearing on the two cene 
tral questions of the outcome-value survey were run using both 
the category-rating and the ratio-estimation data. 

The survey was concerned with determining how hospital pere 
sonnel as a whole scale the relative importance of release/retention. 
the 15 pairs of outcome means for all subjects combined was .943, 
hence r = .971. It was accordingly concluded that the scaling pro- 
cedure used made little difference here. 

The survey also sought to determine whether occupational groups 
differed in their scaling of outcome values, and if so, by how much. 
An analysis of variance for repeated measurements on seve al 
independent groups was performed on both the category-rating 
and the ratio-estimation data. The results are presented in Table 3. 
What is chiefly of note in this table is that all three nonerror 
sources of variance yielded larger Е ratios and hence «2 (Cohen, 
1965)? for the category-rating scaling than for the ratio-estimation 
scaling, although in two of these the difference was relatively small. 
Since all three were significant by both scaling methods, the same 
conclusions would be drawn. 

The substantive issue of most interest in Table 3 is the mea 
square of the interaction of outcomes and groups. If the groups 
value profiles* were perfectly parallel, this term would be zero. The 
significant F ratios indicate that occupational groups did scale out- 
come value differently, but the «2 values indicate that these profile 
differences were small (see Cohen, 1965). More precisely, the « can 
be interpreted as the proportion of variance in individual profiles 
that is explained by group membership, that is, by differences in 
group profiles. { 

The between-groups mean squares in Table 3 indicate that the 
occupational groups differed in the mean levels of their outcome 
profiles or, alternatively, that the groups differed in the extent 
which they valued the outcomes regardless of the specific conte 
The associated @ suggests that the category ratings were m 
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more sensitive to level differences than the ratio estimates or, per- 
haps, that category ratings were more subject to the rater's frame of 
reference or to context effects than are ratio estimates. 

The between-outcomes mean square reflects the sharpness of 
the separation of values (ie., scaling). The associated «2 indicates 
that the results of the two scaling procedures in this regard were 
virtually identical, the slight difference favoring the category- 
rating procedure. 


DISCUSSION 


The relation between the outcome-value scales resulting from 
category ratings and ratio estimates is fully consistent with the 
results of previous research, as well as with Stevens’s theorizing. 
While Stevens’s hypothesis is that the nonlinearity of this relation 
results from bias in the category rating (1966), this is by no means 
a universally accepted view (see Ekman and Sjóberg, 1965). At 
any rate, for practical purposes it seems to make little difference 
which procedure is used. If, however, it is true that ratio estimates 
are less influenced by context than are category ratings, as is claimed 
by Galanter (1962, pp. 152-153), then ratio estimates might be 
more desirable, particularly if new release/retention outcomes were 
to be added to the present set. 

The growing interest in using decision theory to suggest choices 
in industry, business, mental health, and many other areas has made 
the measurement of value, a key decision-theory concept, of con- 
siderable practical importance. Further, while even a simple ranking 
of outcomes in terms of value can have considerable usefulness, 
interval and ratio measurements permit a much fuller exploitation 
of value data. 

It seems reasonable to believe that in the present study, which took 
place within a field setting, interval and even ratio measurement 
was achieved. Whether one believes that such measurement has 
been achieved, or is even possible, would seem to be a function of 
one’s measurement philosophy or, in Coombs’s phrasing (1964, p. 
284), of one's preference for strong or weak measurement models. 
Coombs himself, despite his acknowledged general preference for 
weak models, feels that society's need for decision and action 
provides a persuasive argument for making strong assumptions and 
using strong models in value measurement. The basic implication of 
the present study and of the survey it reports is that relatively 
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refined value measurement of outcomes relevant to everyday or- 
ganizational decision making can be achieved and should be at- 
tempted more often. 


Notes 


This paper represents the combined effort of all Veterans Administration Psy- 
chiatric Program Evaluation Staff personnel. The writers are particularly in- 
debted to Lee Gurel and Robert Maroney, Program Evaluation Staff Director 
and Assistant Director respectively. Received for publication April 20, 1970. 
1. Those continua for which discrimination appears to be based on an addi- 
tive mechanism by which excitation is added to excitation at the physiological 
level (e.g., heaviness, loudness, brightness) are labeled prothetic. Metathetic 
continua are those for which discrimination behaves as though based on a 
substitution mechanism at the physiological level (eg. pitch, position). See 
Stevens and Galanter, 1957. 

2. While it was intended that the forms of the inventory used for category 
rating and for ratio estimation be entirely parallel, the format for the ratio 
estimations required Outcome 11 of the inventory to be split into two items. 
Since there could be some question about the equivalence of one or both of 
the split (ratio-estimation) items to the inventory (category-rating) item, all 
three items were omitted in the scale-comparison analyses. 

3. The e? indicates the proportion of dependent-variable variance accounted 
for by the independent variable. Since e values are scaled like r values, we can 
follow a proposed convention for rs (Cohen, 1969) and consider the € values 
of .01, 09, and 25 to reflect small, medium, and large effects respectively. 

4. A group's mean scores on the outcomes can be visualized as a profile, such 
as the MMPI. 
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STRESS PRE-ENTRY IN MOTOR SYSTEMS 


Donald G. MacKay 
University of California, Los Angeles 


Stress pro-entry is the occurrence, before it is due, of the stressed component 
in а scrics of rapidly produced movements. The phenomenon appeared in 
speech (experimentally produced spoonerisms) and in patterns of finger move- 
ment: scrial-order errors were usually a stressed element entering before its 
time. The probability of serial-order errors was also found to increase зз а 
function of rate of action. Several explanations are possible, but the model 
that best fits the data is one of a scanning device for determining serial order 
of rapidly produced behavior. 


Errors in the serial order of action are crucial to theories of be- 
havior in the same sense that illusions are crucial to theories of 
perception. But although the problem of serial order in behavior has 
attracted considerable theoretical attention (Milner, 1961; Conrad, 
1965; Bryden, 1967; Wickelgren, 1969) since Lashley’s famous 
paper (1961), few experiments on errors in serial order have ap- 
peared (MacNeilage, 1964; Shaffer and Hardwick, 1968, 1969). The 
experiments reported here focus on a limited aspect of the prob- 
lem, namely, the effects of motor intensity (or stress) and rate of 
action on serial reversals in speech and in patterns of finger move- 
ment. 

We began by examining the role of stress in spoonerisms (in- 
voluntary reversals in the serial order of phonemes in natural or 
conversational speech). Next we found a method of experimentally 
inducing spoonerisms that allowed a systematic test of the effects of 
stress and rate on serial reversals in speech. We then carried out an 
analogous experiment on serial-order errors in patterns of finger 
movement, our question being whether stress and rate play a similar 
role in motor systems other than speech. Finally we developed a 
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model to account for the effects of stress and rate on serial-order 
reversals in these two motor systems. 


SPOONERISMS IN GERMAN 


Our interest in the effect of stress in serial-order errors began 
with an examination of 124 spoonerisms in German (Meringer 
and Mayer, 1895; Meringer, 1908). Our reasons for considering 
this corpus were, first, its size and, second, Meringer’s care in col- 
lecting the data (see MacKay, 1970). It appeared that one of the 
reversed phonemes in these spoonerisms often originated in a 
stressed syllable and the other in an unstressed one. Moreover, the 
stressed element usually seemed to be the one that occurred before 
it was due, as in 


vaga BUND — vabagund, or Ш 
ge BRAUCH — begrauch, [2] 


where the intruding B in both examples originated in a stressed 
syllable (capitalized; the arrow means ‘was spoken as’). Our first 
question was whether this apparent effect of stress in spoonerisms 
exceeded chance expectation. 

Our analyses were carried out within the following definitional 
framework. Within-word spoonerisms were defined as reversals of 
phonemes within a single word, as in Examples 1 and 2. Spoonerisms 
with reversed phonemes originating in different words were not 
included in this analysis. An intruding phoneme was defined as the 
phoneme executed before its time, as B in Examples 1 and 2. A 
lagging phoneme was defined as the phoneme executed after its time, 
as G in Examples 1 and 2. The intruding and lagging phonemes 
originated in different syllables in all but one of the examples in Mer- 
inger’s corpus. Since one syllable is more stressed than all the others 
in multisyllabie words in German,? syllabic stress was represented 
as 0 or 1, determined from a standard German dictionary (Wahrig, 
1966). An instance of stress pre-entry was counted whenever the 
intruding pheneme in a spoonerism originated in a stressed syllable. 
Thus Example 3 represents an instance of stress pre-entry whereas 


Example 4 does not. Note that only one syllable was counted as 
stressed: 


be GA bung — gebabung (example from Meringer) [3] 
be GA bung — bugabeng (hypothetical example) [4] 


STRESS PRE-ENTRY : 3 


Thus in each word, stress pre-entry implies that the lagging phoneme 
originated in an unstressed syllable. An instance of stress post- 
entry was counted when the intruding phoneme originated in an 
unstressed syllable and the lagging phoneme in а stressed one. 
Example 5 thus represents an instance of stress post-entry: 


be GA bung — bebagung (hypothetical example) [5] 


The last definition is of corpus of natural speech: this corpus, con- 
sisting of 230 correctly produced sentences from Meringer (com- 
parable to those containing the spoonerisms), was used to deter- 
mine the null hypotheses. 

Two hypotheses guided our analyses. The like-with-like hypoth- 
esis was first proposed by Boomer and Laver (1968): “The origin 
syllable and the target syllable of a slip are metrically similar in that 
both are salient or both are weak.” Using our definition of stress 
(or salience), this hypothesis predicts that both syllables in within- 
word spoonerisms should be unstressed with greater than chance 
probability. Moreover, stress pre-entry should be no more frequent 
than stress post-entry under this hypothesis. The stress pre-entry 
hypothesis, however, predicts that stress pre-entry should exceed 
chance expectation. That is, one of the reversed phonemes should 
be stressed with greater than chance probability, and stress pre- 
entry should be significantly more frequent than stress post-entry. 

According to our analyses of Meringer's data, both syllables were 
unstressed in 18% of the German spoonerisms, whereas 2696 would 
be expected by chance (based on the relative frequency of stressed 
and unstressed syllables in the corpus of natural speech). This dif- 
ference was not statistically reliable at the .05 level using а chi- 
square test on the raw data. 

However, stress pre-entry was significantly more frequent than 
chance expectation. Here chance expectation reflected the fre- 
quency with which stressed syllables followed unstressed syllables 
in the multisyllabic words in the corpus of natural speech—which 
was 23% of the time. But stress pre-entry appeared 717 of the 
time in the corpus of spoonerisms, a difference significant from chance 
at the .01 level, chi-square test. The same test showed that stress 
post-entry was significantly less frequent (1196) than chance expec- 
tation (51%, based on the frequency with which stressed syllables 
preceded unstressed ones in the multisyllabie words in the corpus of 
natural speech). Both findings strongly support the stress pre-entry 
hypothesis. 
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SPOONERISMS IN ENGLISH 


Is stress pre-entry a universal tendency common to all speakers 
regardless of language? As a preliminary test of this hypothesis, we 
analyzed an American corpus of 55 spoonerisms published by 
Bawden (1900; see MacKay, 1970), apparently without knowledge 
of Meringer’s work. Stress was tabulated for within-word spooner- 
isms as before, with the results below. Since we lacked a corpus of 
correctly produced sentences from Bawden’s speakers, we based 
the null hypothesis on a corpus of 255 multisyllabie words randomly 
sampled from the index at the top of odd-numbered pages of a 
large American dictionary. 

According to our analysis of Bawden’s data, stress pre-entry in 
the English spoonerisms (57%) was more common than chance 
expectation (11%, calculated as before); using a chi-square test, 
a difference significant at the .01 level. Similarly, stress post-entry 
was less common (28%) than chance expectation (55%), a differ- 
ence significant at the .01 level, same test. Both findings support 4 
stress pre-entry hypothesis for within-word spoonerisms in English 

Both syllables were unstressed in the English spoonerisms only 
15% of the time, whereas 34% would be expected by chance. Com- 
bining these data with those from the German spoonerisms, We 
found that both syllables were unstressed significantly less fre- 
quently than chance expectation at the .02 level, chi-square test. 
This finding directly contradicts the like-with-like hypothesis of 
Boomer and Laver (1968). The contradiction may be due to the 
fact that Boomer and Laver based their hypothesis on a conglomera- 
tion of errors that included substitutions, anticipations, persevera- 
tions, and omissions. But since the role of stress varies in different 
classes of errors (see MacKay, 1969), lumping different classes of 
errors together seems unwise. The like-with-like hypothesis simply 
does not hold for syllabic stress in within-word spoonerisms, al- ' 


though it may hold for other errors, given appropriate statistical 
analyses. 


= PERIMENTALLY INDUCED SPOONERISMS 


We discovered that spoonerisms sometimes occur when sub- 
jects rapidly repeat a sequence of nonsense syllables such as ‘TAY 
Gay BAY DAY.’ In the experiment to be described, we s stematically 
varied which syllable in this sequence was stressed. U. der the stress 
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pre-entry hypothesis we predicted that when spoonerisms did occur, 
one of the reversed components would be stressed with greater than 
chance expectation. Moreover, stress pre-entry in these experi- 
mentally induced spoonerisms should be more frequent than stress 


post-entry. 


This experiment offered several advantages over Our analyses of 


spoonerisms in natural speech. First, by using nonsense materials 
we could effectively rule out the semantic or *deep' interpretations 
that have dominated the discussion of speech errors since Freud. 
Second, we could experimentally manipulate speech rate, à factor 
that went uncontrolled in observations of natural speech. Third, 
we could test the informational hypothesis of stress pre-entry. This 
hypothesis maintains that in na ed syllables and 


tural speech, stress 
words are more informative (in the information-theory sense) than 
unstressed ones, so that this may be wh 


y they enter before their 
or intensity per se. 


time, and not because of mot By systematically 
varying which syllable was stressed we were able to determine 
whether motor intensity cause try independent of in- 


s stress pre-en 
formation value. 


Method 

students 8t Edinburgh 
eriment. Their responses 
rs were scored later 


Subjects and apparatus-Twenty-two right-handed 
University were paid for their participation in the exp 
were recorded with в БООХ ue recorder, and their erro 
from the tape. 


-Experimental design- Tw 
syllable in the sequence W 
at two rates for each stress COD! 

order of the two rates was coun! 
tions. : 
There were five stress conditions. In the no-stress condition, the subjects 
hasize any of the syllables. In the remaining four 
de louder than the others), 


hasized (ma 
d. This particular sequence 


speech and which 
instructed to speak 
d normal rate. The 
d stress condi- 


o factors Were varied, rate of 


as stressed Š Fach subject was 
dition; maximum rate an 
terbalanced across subjects ап! 


were instructed not to emp 
conditions, one of the syllables was emp 
giving Examples 6 to 9, stressed syllables capitalize 


TAY gay bay day 
sal 7 
tay GAY bay дау, tl [7 
tay gay BAY day [8] 
[9] 


E tay gay bay DAY 
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of syllables was chosen to maximize the probability of serial-order errors 
But note that our hypothesis depends on whether an element in the sequence 
was stressed or unstressed, a systematically varied factor that was independent 
of the particular sequence chosen. 

In a practice session before the experiment, the subject repeated each 
stress pattern five times at both rates of speech. In the experiment proper, 
he was instructed to continue repeating the sequence until told to stop. For 
both rate conditions, this stop signal came after 20 repetitions of the sequence. 
Order of the stress conditions was randomized across subjects. 

Errors were scored in a pattern only when the first syllable was produced 
correctly. 


Results 


Spoonerisms were defined as before. For example, ‘tay bay gay 
day’ represents a spoonerism, whereas ‘tay bay bay day’ does not. 
The probability of spoonerism per sequence of four syllables was 
015 (averaged over stress and rate conditions). As might be ex- 
pected, the maximal rate (.280 sec per syllable) was considerably 
faster than the normal rate (.358 sec per syllable). As to frequency 
of spoonerisms for the two rates, 5796 of the spoonerisms occurred 
at maximal rate and 4396 at normal rate, a difference reliable at the 
05 level, chi-square test. The importance of this effect of rate for 
theories of spoonerisms is outlined in the discussion. 

Of the spoonerisms 95% occurred between adjacent syllables in 
the sequence. Moreover, one of the reversed components was 
stressed much more often than chance expectation. Only 40% of 
the reversals should involve a stressed component by chance, where 
chance reflects the frequency of stressed and unstressed elements 
in all of the experimental conditions. But in fact, 51% of the reversals 
involved a stressed component (see Table 1), which exceeds chance 
expectation at the .05 level, chi-square test. 


Table 1. Experimentally induced spoonerisms as a function of stress 


bod Neither 
syllab! syllable Stress Stress 
stressed stressed pre-entry post-entry 
Reversals 51 4 
(percent) 9 90 10 
Chance 40 60 50 50 


(percent) 
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Moreover, the experimental spoonerisms obeyed a stress pre-entry 
rule: the stressed element entered before it was due much more 
frequently than after. These data are shown in Table 1, where it 
can be seen that stress pre-entry was much more frequent than 
chance expectation, and stress post-entry much less frequent than 
chance, a statistically reliable finding at the .01 level, chi-square 
test. 


SERIAL ORDER IN PATTERNS OF FINGER MOVEMENT 


Is stress pre-entry a universal error tendency common to all 
motor systems or does it only appear in speech? As a first step in 
answering this question, we examined serial-order errors in patterns 
of finger movement. The experiment was analogous to that re- 
ported above for speech: the subjects rapidly repeated a sequence 
of finger taps on telegraph keys. As before, the stress pre-entry 
hypothesis was tested, here by systematically varying which finger 
tap was emphasized. Our prediction was that, as in speech, 
movements would occur before their time more frequently than 
chance expectation. 


Method 


-Subjects-The subjects were the same 22 students who had participated in 
the experiment just reported, the order of the two experiments being counter- 
balanced across subjects. 


-Apparatus-The main piece of apparatus was а four-channel Gerbrands event 
recorder, which recorded the time and duration of the responses. A response 
was a l-mm depression of а standard telegraph key. There were four keys 
in all, one for each finger of the left hand. By р his left arm on the 
table, the subject could easily rest each finger on one of the keys, which were 
mounted on a piece of bristol board attached to the table. 


~Experimental design-The movement pattern in all experimental conditions 
was exactly the same. If the fingers of the left hand are labeled a to d from 
little finger to index finger, then the pattern was acbd. It might be argued 
that this particular sequence encourages the serial error abed. This may be 
true, but our question was whether the abcd errors became more frequent 
when b was stressed than when it was not. 1 

Again, the independent variables were the rate of executing the sequence and 
the stress pattern. For each stress condition the subject ran through the 
Sequence at two rates: as fast as he could, and at a normal rate. Order of the 
two rates was counterbalanced across subjects and stress conditions. As before, 
there were five stress conditions: a different finger was stressed or emphasized 
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in four of the stress conditions, and in the fifth, none of the fingers was 
stressed. Order of the stress conditions was randomized across subjects. In 
the actual experiment, the subject repeated each movement pattern 20 times 
for each rate and stress condition (following а practice session in which he 
produced each stress pattern five times at both rates). 

As before, errors were scored only when the first element was produced 
correctly. 


Results 


The probability of reversal was .01 per movement pattern, aver- 
aged over stress and rate conditions. As might be expected, the ac- 
tual rate of movement (in seconds per key press) diminished with 
maximal-rate instructions: the response rate was .119 for the slow 
rate and .088 for the maximal rate. And more serial-order errors 
occurred at the maximal rate (60%) than at the slow rate (40%), 
a finding significant at the .05 level, chi-square test. For some rea- 
son, serial reversals became more likely with faster rates of move- 
ment. 

Again, the actions reversed were usually temporally adjacent in 
the sequence, and they frequently involved a stressed component. 
As can be seen in Table 2, one of the movements was stressed in 
53% of the reversals, significantly more than the 40% expected by 
chance (.05 level, chi-square test). Also shown in Table 2 is the prob- 


Table 2. Serial-order errors in patterns of finger movements as a function of 


£2.25 ОУК S —_—_—_—я 


One tap Both taps Stress Stress 
stressed unstressed pre-entry post-entry 
Reversals 53 47 86 14 
(percent) 
Chance 40 60 50 50 
(percent) 
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ability of stress pre-entry and post-entry (defined as for speech). 
Stress pre-entry was significantly more frequently than chance ex- 
pectation at the .01 level, chi-square test. Similarly, stress post- 
entry was less frequent than chance expectation (.01 level, same 
test). As in spoonerisms, errors in the serial order of finger move 
ments obeyed a law of prior entry, with stressed elements occurring 
before their time. 


<Controls-Two of the preceding conditions were rerun on 11 right- 
handed students at UCLA. Conditions acBd (stress on finger B) 
and acbd (no stress) were produced 20 times at maximal rate (with 
practice trials as before). Then four control conditions were 
to test the hypotheses outlined below, the order of all conditions be- 
ing counterbalanced across subjects. 

The von Restorff hypothesis was one of those tested. Since only 
опе element, was stressed in the critical conditions of the main ex- 
periment, we wondered whether this element, being different from 
the others, stood out and was therefore more prone to serial-order 
Teversal. To test this, we ran & condition where all the finger taps 
but one were stressed. The finger pattern was АСЫР, stressed fing- 
ers capitalized. Under the von Restorff hypothesis we predicted 
“that the unstressed element in ACbD would occur before its time 
аз often as the stressed element in acBd. However, the data showed 
‘that stress pre-entry in acBd was much more common than un- 

stressed pre-entry in ACbD. Finger b occurred before its time more 
frequently when stressed than when unstressed, a difference signifi- 
` eant at the .05 level, chi-square test. This finding conclusively rules 
out an explanation of stress pre-entry as а von Restorff effect. 

The second hypothesis tested in the control conditions was the 
relational hypothesis. The reason for stress pre-entry may lie in the 
relation between stressed and unstressed elements, the stressed ele- 
ments entering before unstressed elements but not before other 
stressed elements. To test this, we ran а control condition in which 
all of the elements were stressed. The data showed that serial-order 
reversals were no more common when all of the elements were 

stressed (N = 5) than when all were unstressed (N = 5), which 

supports the relational hypothesis. Moreover pre-entry of finger b 

was more frequent in condition acBd than in condition ACBD, al- 
though this difference just missed statistical reliability at the 05 
level using a chi-square test. Nevertheless, these data tentatively 
support the relational hypothesis, since stressed elements tended to 
advance on unstressed elements but not on other stressed ones. 
The last hypothesis tested here was the specificity hypothesis. In 
© order to rule out the possibility that our results were specific to the 
left hand, we ran condition acBd using the right hand of our right- 
handed subjects. Serial-order errors were much less frequent with 
the right hand, suggesting & dexterity effect. Nevertheless a stress 
pre-entry trend was observed in the right hand, although it failed 
Statistical significance because of the small number of errors. 


RJ 
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Finally, the pattern dbCA was run with the left hand to test the 
generality of the stress pre-entry phenomenon. Stress pre-entry ot- 
curred with about the same frequency in dbCa as in acBd, indicat- 
ing that stress pre-entry is not tied to a partieular movement pat- 
tern. 


A MODEL OF STRESS PRE-ENTRY 


Serial-order reversals in sensory or input systems bear a curious 
resemblance to stress pre-entry in motor or output systems. When 
two visual stimuli of similar form are presented in succession, à 
dim one first and a very intense one second, the second is some- 
times perceived as preceding the first. The probability of this rever- 
sal in the serial order of perception can be expressed as 


P(R) = K(b — a), [10] 


where P(R) is the probability of reversal, K is & constant, and a 
and b are the intensities of the first and second stimuli respectively 
(Korte, 1915). In this last section, we explore the possibility that 
motor reversals can be explained with an analogous formula. 

There are three rather well documented premises that can be 
used to explain stress pre-entry in sensory systems: 


Premise 1: Excitability of the set of analyzers for a form must be 
boosted to threshold before the form is perceived (after 
Sutherland, 1959, and others). 

Premise 2: A strong or intense stimulus boosts these analyzers to 
threshold faster than a weak one. This assumption is 
backed by both psychophysical and physiological evi- 
dence (Pulfrich, 1922; Liang and Piéron, 1942; Lit, 
1949; Wilson and Anstis, 1969; Adrian and Matthews, 
1927). 

Premise 3: The mechanism for judging the serial order of input is 
independent of the analyzers themselves, in the sense 
that the rate of activation of the analyzers is not taken 
into consideration in judgments of serial order. 


Although these premises do not encompass all aspects of percep- 
tion, they suffice to explain perceptual reversals, since a strong 
stimulus reaching analyzer threshold before a weak one is judged 


to precede the weak one, even though the weak one preceded in 
the external world. 


a 
ч م‎ 
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The analogous premises for explaining stress pre-entry in motor 
systems might then take the form: 


Premise 1A: Excitability of a set of motor units for an action must 
be boosted to threshold for the action to be produced, 

Premise 2A: Motor units for stressed actions are boosted to thresh- 
old faster than those for unstressed actions. 

Premise 3A: The mechanism for sequencing behavior is independ- 
ent of the motor units themselves (as Lashley, 1961, 
suggested). 


Two objections to this analogy between sensory and motor rever- 
sals might be raised. One is that perceptual reversals only occur 
when visual stimuli are separated by 100 msec or less (Wilson and 
Anstis, 1969), whereas more than 100 msec usually separate the 
reversed components in speech. However, it is highly likely that 
motor reversals originate at а central rather than peripheral level— 
for example, in higher-level instructions to the motor units rather 
than in the motor units themselves. If the rate at which these in- 
structions are given at this central level exceeds the speed at which 
the final output is produced, the objection is overcome. The objec- 
tion also becomes irrelevant if time constants in motor units are 
longer than in perceptual analyzers even though similar principles 
operate. 

A second objection to the analogy might be that stressed output 
differs from unstressed output in other ways besides intensity. 
Stressed actions last longer than unstressed ones, and they involve 
faster rates of movement. However, these concomitants of stress 
can be predicted, as we will see as we develop our premises into а 
general model for motor systems. 

To develop that model, let us first consider the possibility that 
sequences of acts to be rapidly performed are represented or dis- 
played in abstract form and proper order in an output buffer, such 
that the elements in the buffer prime or partially activate correspond- 
ing motor units, Independent justification for the assumption of 
priming or subthreshold activation of motor units prior to final 
motor output is found in such other errors in speech as anticipa- 
tions (Lashley, 1961). Tf this priming varies in direct proportion to 
stress, then stressed units are closer to threshold (prior to final out- 
put) than are unstressed units." Some justification for this assump- 
tion is found in omissions of speech sounds: the sounds omitted 
are usually unstressed, rather than stressed (Hefiner, 1964). 
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Let us next consider the possibility that a scanning mechanism de- 
termines the serial order of behavior by sweeping over the buffer 
system in undirectional fashion. By boosting the excitability of the 
buffer elements, this scanning device eventually triggers the motor 
units, but at the same time is unconnected to or independent of the 
motor units themselves (Premise 3A). The scanner, it is proposed, 
provides a linear boost in excitability of elements in the buffer for a 
period determined by the rate of scanning. Voluntary control of 
the rate of scanning varies the rate of action within limits, the upper 
limit being determined by the duration of temporal summation 
needed to activate the motor units. If stressed units are already 
closer to threshold than unstressed units, this summation time is 
less for boosting stressed units to threshold than unstressed ones 
(Premise 2A). This postulate allows a precise formulation of the 
probability of stress pre-entry [P(S)]. If A and B are units in serial 
order in the buffer system with summation times a and b respectively 
(i.e., a and b represent the time following onset of scanning needed 
to boost the motor units for A and B to threshold) , then 


P(S) = K(a—b-— c), [11] 


where K is a constant and c is the time between onset of scanning 
A and B. Consequently, 


P(S =0 if a—b—c»0 


or a<b+c, and [12] 
P(S)>0 if a—b—c<0 
ora>b+c. [13] 


These formulas derived from the model can be seen to summarize 
all of our findings. Note that P(S) increases as c becomes smaller. 
One of the factors influencing c is the separation of the relevant 
units in the buffer system. All other factors being equal, serial-order 
reversals between elements in close proximity are to be expected. 
Thus the fact that reversed phonemes occur closer together in 
natural speech than would be expected by chance (see MacKay, 
1970; Cohen, 1967) is represented in these formulas. Similarly, the 
fact that reversed actions were usually temporally adjacent in ош 
experiments is captured in Formula 13. 

Another factor that determines c (the time between onset of 
scanning the relevant units in the buffer) is the rate of scanning 01, 
equivalently, the rate of action. With faster rates of scanning, c be- 
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comes smaller and P(S) becomes greater in Formula 13, whieh 
captures the fact that serial-order reversals became more likely with 
rapid rates of speech and finger movement in our experiments. 
Finally, these formulas summarize both the stress pre-entry phenom- 
enon itself and the relational hypothesis by predicting а high fre- 
quency of serial-order reversals when a is large and b is small—that 
is, when the first element is unstressed and the second is stressed, as 
is usually the case in motor reversals. 

Thus developed, the model also explains why stressed speech 
sounds are longer than unstressed ones (Heffner, 1964). If the 
motor units for stressed segments reach threshold sooner than 
those for unstressed ones, then, all other factors being 
stressed sounds in the final output are bound to be longer than un- 
stressed ones. And finally, the model explains why stressed actions 
are carried out with faster rates of action than unstressed ones 
(O'Hala, 1969). The rate of muscular contraction is determined by 
the number of impulses per second from the motor units (Buller, Ec- 
cles, and Eccles, 1960). If the activity of the motor units prior to 
actual movement is greater for stressed than unstressed actions, 
then following seanning in this model the final activity of stressed 
units is also greater, leading to faster rates of movement. 

Several limitations of the model should be emphasized. First, 
it applies to only one aspect of serial-order reversals; many other 
factors known to influence errors in serial order have been ignored 
for the sake of simplicity. Second, it is based on а restricted type 
of behavior; we have no grounds for generalizing our model to the 
natural behavior patterns and rapidly executed thought sequences 
that originally sparked Freud’s interest in faulty actions. Perhaps 
Freud was partially right in conten ing that for natural speech 
“even the apparently simple eases of speech blunder will be traced 
to a disturbance caused by a half-repressed idea outside of the in- 
tended context” (1914, p. 66)- However, Wundt’s hypothesis 
(1907) that these ongoing mental activities often act as distractors 
(ie., as catalysts rather than causes of errors) warrants serious M- 
vestigation as an alternative hypothesis (see n. 5). 


Other theories 


Some aspects of scanning models are necessarily vague at this 
point, partly because the nature of the output buffer is as yet un- 
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known. The scanning mechanism developed in the model above is 
essentially analogous to certain features of a television receiver. 
But there could be a different scanning mechanism, one based on 
the principle of the tape-recorder head, which ‘reads out’ the electro- 
magnetic pattern on a tape. Instead of energizing elements in an 
interim storage system and thereby activating the motor com- 
ponents, this scanner would serially read out from the buffer a set 
of values for the motor units. This ‘read out’ seanner can be made 
to predict the same findings as the ‘receiver’ scanner in the model 
above, and at present I see no way of experimentally distinguishing 
the two. 

Another possibility is that the scanner may release from inhibi- 
tion the programs in the output buffer rather than activate them 
directly. This view is related to Lashley’s hypothesis that “it is as 
if [an] aggregate of words were in a state of partial exvitation, 
held in check by the requirements of grammatical structure, but 
ready to activate the final common path, if the effectiveness of this 
check is in any way interfered with” (1961, p. 186). But again, 
viewing the scanner as a device for serial disinhibition leads to the 
same predictions as the scanning mechanisms discussed just above: 
our data tolerate all three versions of the scanner. 

Even so, the phenomenon of stress pre-entry presents major 
problems for other theories of serial order. For example, Conrad’s 
(1965) proposal that serial-order errors are multiple substitutions 
occurring simply by chance provides no insight into stress pre- 
entry and is essentially the null hypothesis that our data refute. 

Wickelgren’s (1969) chain-association model of spoonerisms 
must also undergo serious revision to explain stress pre-entry. 
Chain association represents a radical departure from the mecha- 
nisms considered so far. In associative models, the motor units, 
rather than being independent of the serial-ordering mechanism, are 
linked by directional bonds, so that an entire word may be re- 
leased in order by triggering the first motor unit. Associative 
models have difficulty explaining how sequences are continued 
after a serial-order reversal occurs. That is, if the correct sequence 
is ABCD and the first two elements are reversed, present chain- 
association models predict the continuation BABCD rather than 
the BACD that we find. This difficulty may be overcome if the 
links serve to boost the activation of the motor units to threshold 
and these units are viewed as variable resistors in the chain rather 
than all-or-none devices. Moreover, the only way I can see for 
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associative models to handle stress pre-entry js to represent stress 
in the links between motor elements, rather than in the motor ele- 
ments themselves. Further research to test these new assumptions 
is needed before chain association can be considered a viable prin- 
ciple in motor systems. 

This résumé of alternative theories is by no means comprehen- 
sive but should perhaps suffice to refute Freud’s assertion that “no 
matter what may be said about faulty actions, the whole subject is 
known to everybody as something self-evident” (1914, p. 114). 


Notes 
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June 19, 1970. of relati tor 
1. This was because analysis of stress, defined in terms €. к id 
intensity, eould be reliably determined only for syllables within a single Мэт 
2. Comparison of syllabie stress in different words in а written corpus 

out of CR quedo ЖП different words may there be stressed » er 
extents, This ‘word stress’ would alter the relative motor intensity of y 
lables in different words but not within a single word, and could ошу be 
termined from a tape recording of the error, Thus, analysis of ien: 
corpus seemed justified only for within- not for bet 
word spoonerisms. АНАА slightly different pattern 
3. Analysis of between-word spoonerisms as 

of stress, Of the between-word reversals in Meringer's corpus NONO 


i have received greater 
stress pre-entry hypothesis, Since the second word may \ 
stress than the first as predicted in the hypothesis. We d no rie ш Азаны 
this question with our present data. Nevertheless, Boomer an 


able to analyze the role of word stress in a corpus of tape-recorded spooner- 
isms, and their analysis seems {0 support the stress pre-en 
а ith sufficient 

i i t wi 
data, suggesting that “the tome syllable is the only elemen е 
рашорнуны i prominence to break through the inhibitory forces holding 

e programme in chec " (1963). i ic 
4. Analysis of the between-word reversals in English — ivy er терй 
of stress as in German. In 88% of the corpus the sy 


i had no way of 
versed phonemes were both stressed. Again, however, we ы 
analyzing the word stress superimposed оп the syllabic stress, 50 that 


data may also support the stress pre-entry hypothesis (see 0. 3). 
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5. An additional variable was manipulated in this and the next experiment, 
Half the subjects heard a tape recording of Strauss’s “Thunder and Lightning 
Polka” while producing the sequences. This tended to increase the probability 
of all error types, but its detailed effect is left for a later report, since the effect 
on serial-order errors alone failed statistical significance. 

6. That is, consonant reversals are most likely when similar consonants are 
preceded or followed by identical vowels (see MacKay, 1970). 

7. Note that this view of stress would also explain why stressed syllables 
predominate in the partial recall of words (see Brown and McNeil, 1965). 
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EFFORT IN SUSTAINED AND PHASIC 
HANDGRIP CONTRACTIONS 


William S. Cain and Joseph C. Stevens 
John B. Pierce Foundation Laboratory and Y ale University 


Subjects maintained handgrip contractions over time at constant levels 
perceived effort. The resulting functions relating force to time were si 
in overall shape from person to person and highly reliable for any given per 
son. The reduction in exerted force over time was well described by an equation 
that comprises two exponential terms; the rate parameters of both term 

are independent of the initial force of contraction. Prior fatigue, as generated 
by sustained constant-effort contractions, increased the perceived intensity 0 
phasic contractions. The psychophysical power law described the perceived 
intensity of phasic contractions both before and after the exertion of fatigull 

contractions; fatigue had little effect on the size of the exponent. 


The degree of perceived effort that accompanies an i 
metric contraction depends mainly on how much force is exerted and 
for how long. When a subject maintains a contraction at a constan 
level of force, he reports a continuous increase in his subjective 
effort over time. Accordingly, when instructed to maintain a pros 
longed contraction at a constant level of subjective effort, he con: 
tinuously reduces the force of the contraction, through at least the 
first few minutes. These two tasks—maintenance of constant force 
and maintenance of constant effort—represent complementary ways 
to study the course of proprioceptive sensations associated with 
fatigue. J 

With respect to the first of these tasks (constant force), Stevens 
and Cain (1970) have found that the degree of apparent effort in а 
handgrip contraction maintained at a constant force level grows aS 
a power function of duration. The rate of growth (ie., the e 
ponent) of the power function is approximately the same for 
force of contraction. The size of the exponent is about .6, m: 
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ing that effort increases approximately fourfold for any tenfold 
inerease in duration, irrespective of the physical load, This relation 
between apparent effort and duration provides yet another instance 
of the psychophysical power law shown by S. S. Stevens (1960) to 
apply with great generality throughout the sensory domain. 

With respect to the second task (constant effort), Eason earlier 
(1959) reported that in order to maintain the same effort in an iso- 


induced by constant-effort contractions affects the perceived in- 
tensity of subsequent phasic contractions. 


EXPERIMENT I: NATURE OF THE 
CONSTANT-EFFORT FUNCTIONS 


Method 


-Apparatus-The -handgrip dynamometer was machined art 
piece of tempered aluminum. It was shaped much like а асле а 
arms parallel to each other. The arms were 2 em long. m itor plates 
across them was converted into an electrical signal by ange tes 
mounted opposite each other on the inside surfaces of the аг». kd зн to 
formed part of an LC network. Any small mo Jobs ae pont чў 
each other changed the areal overlap of the т ars , whose rectified 
pacitance. The capacitance constituted one poten ne vol 
output was fed to в de, а DOE v aye € 
and force applied to the dynamometer WS found che ар ee 
445 newtons (100 Ib) produced а 3-mm excursion of the arms at 
point where they were to be grasped by the subject. single 

The output from the bridge was Жр fed to c" — 
mark on the dial of the meter served as а monitor i i 
a when the subject exerted the yu Lus T d pape 1 
9f the meter with the reference mark. S po alignm: 
the meter allowed the experimenter to vary the force necessary э 3 en 

The testing took place in & sound-treated room. The иен а ion for 
of adjustable height that enabled him to adopt & comfortable post 
grasping the dynamometer with the preferred hand. 
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-Procedure-Twelve male subjects participated (mean age, 21). Each 
session had two parts, The first called for 15 phasic contractions, the seco 
for 7 sustained (constant-effort) contractions. The first part used the methex 
of magnitude estimation without a designated modulus; this task called upon 
the subject to match numbers to the apparent intensity of contractions 0 
seven levels of force ranging from 8S to 429 newtons (19.8 to 964 Ib) in equal 
logarithmic steps. The force level in the first trial was chosen from near th 
middle of the stimulus range; the subject was asked to assign to its apparent 
intensity any number he felt appropriate. To subsequent contractions, he w& 
asked to give numbers in proportion to apparent intensity. Each of the sevet 
force levels was exerted twice in the session in irregular order. (The numeric 
assignment for the first contraction was not counted.) 
In the second part of the test session, the subject maintained one constant 


Results 


Figure 1 shows the geometric means of the magnitude estimations. 
of the phasic contractions plotted as a function of force level. 
straight line fitted to the data in log-log coordinates is a power 
tion with a slope (exponent) of 1.5. This slope is close to 
found in similar studies by Stevens and Mack (1959) and Stev 
and Cain (1970) when the task was the magnitude estimation 0 
phasic contractions. However, the results from several investigations. 
employing a variety of psychophysical methods suggest that 1. д 
із a better estimate of the exponent (for а summary, see Stevens 
and Cain, 1970). 

Figure 2 shows how force level was reduced over time to keep 
perceived effort constant. Even contractions of moderate initial 
intensity had to be sharply reduced during the first few seconds to 
prevent buildup of effort. The higher the perceived effort of 
contraction, the greater the need to reduce the force, especially i 
the beginning; the funetions therefore tend to converge rapi 
at first, less rapidly later on. I 

The group data in Figure 2 reflect quite faithfully the constant 
effort contractions Íor individual subjects. Although there were 
undoubtedly differences in strength and motor ability among the 
subjects, there was a pronounced uniformity in overall performance 
Table 1 gives the range of variability of the group results at е! 
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Fig. 1. Perceived intensity (geometric means) 25 а function of force for phasic 
contractions 
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Table 1. Parameters of the double-exponential function (F = Ае + Be^^! + 
C) fitted to the constant-effort contractions and the range Q;/Q for each level of 
contraction 


Initial force level: 


in newtons Range of 
(preset) A B C ky kz Q:/Qı 
1: 88. 4 60 22 Sal .01 1.1-1.7 
2: 116 25 65 24 .11 .01 1.2-1.6 
3: 150 60 59 36 11 .01 1.2-1.4 
4: 195 87 77 Bo а АЛИ .01 1.3-2.0 
5: 254 111 114 22 mhi .01 1.2-1.6 
6: 331 170 117 36 11 .01 1.1-1.4 
7: 429 267 105 49 .11 .01 1.4-1.7 


level of intensity. The measure used is 03/0; (calculated from t 
= 10 to t = 150 sec); it illustrates that the percentage variability 
in the contractions was roughly independent of force level. 

What kind of mathematical function can describe the family of 
constant-effort functions depicted in Figure 2? A simple exponential 
decay function is not adequate. Other types of functions that, like 
the exponential function, contain a single rate-parameter were also 
deemed inadequate. A function that did provide a faithful descrip- 
tion of all seven levels of contraction is 


F = Ае“ -Be"' - C, Ш 


where F is force and t is time. This equation is simply the sum of 
two exponential terms, each with its respective rate of decay. 

The smooth curves fitted to the data in Figure 2 are double- 
exponential functions (i.e., conform to Equation 1). Each function 
fits its respective set of data quite well. (The only serious departure 
is a small ‘hump’ about 20 to 30 sec after the onset of the most in- 
tense contraction.) The values of the constants of these functions 
are listed in Table 1. The constants A and B represent the values 
of each exponential process at ё = 0 and, accordingly, the sum of 
A, B, and C approximates closely the values of F (in newtons) 
preset by the experimenter. Note that the relative values of A and 
B change markedly from the lowest to the highest initial intensity. 
At the lowest intensity B is about 15 times greater than A. However, 
A grows much faster than B as a function of the initial intensity of 
the contraction; at the highest level A is twice greater than B. Al- 
though the relative contribution of each exponential component 
changes strikingly from level to level, the rate parameters kı and ke 
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do not. All of the functions in Figure 2 have the same rates of decay. 
The effect of kı is most apparent in the beginning of each contrac- 
tion, where very rapid decreases in force level were necessary to 
maintain effort constant. The effect of ka becomes most apparent in 
the later stages. 


EXPERIMENT II: THE EFFECT OF PRIOR FATIGUE 
ON PHASIC CONTRACTIONS 


The aim of Experiment II was to learn how prior fatigue affects 
the perceived intensity of phasic contractions. In the more purely 
receptive sense modalities (e.g., vision), there has been interest in 
how the relation between perceived intensity and physical intensity 
is affected by adaptation. The greater the degree of light adaptation, 
the higher the exponent of the psychophysical power function for 
brightness (Stevens and Stevens, 1963). Adaptation in olfaction 
(Cain and Engen, 1969) and taste (MeBurney, 1966; Bartoshuk, 
1968) also increases the exponent. Since muscle fatigue may be 
thought of as an analogue to sensory adaptation in that both phenom- 
ena result from prolonged continuous stimulation, it was of interest 
to know whether fatigue also affects the rate of growth of the 
psychophysical function for phasic contractions. ; 

Each constant-effort function obtained in Experiment I provides 
a measure of the course of fatigue for a contraction maintained at 
a single level of apparent effort. The functions might also provide 
a means to relate the degree of fatigue produced by a contraction 
maintained at one level to the degree of fatigue produced by a con- 
traction maintained at another level of effort. One possibility is that 
two different constant-effort contractions may arouse the same de- 
gree of fatigue when the areas under their respective force versus 
duration functions (Figure 2) are equal—that is, when the con- 
tractions are equal in terms of force level integrated over time. This 
Possibility was explored in Experiment II, in which constant-effort 
contractions were used to generate muscular fatigue that was then 
assessed by its effect on the psychophysical function for phasic con- 
tractions. 


Method 


~Apparatus-The dynamometer described in Experiment I was used. 
-Procedure-Nineteen males served as subjects (mean age, 22), Each session 
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began with a series of phasic contractions. These were included merely to give 
the subject practice in making numerical estimates of intensity before the 
actual test trials began. Then came 14 test trials, 2 at each of the seven 
levels of force used in Experiment 1. Half of the trials (the even-numbered 
ones) were ‘fatigue trials’ and half (the odd-numbered ones) were *nonfatigue 
trials’ On a fatigue trial, the subject maintained а constant-effort contraction 
(ie, а fatiguing contraction) for a specified duration and then immediately 
exerted a phasic contraction at one of the seven test levels. He assessed the — 
apparent intensity of the phasic contraction (the test contraction) by magni. 
tude estimation. On a nonfatigue trial, the subject exerted two phasic con- 
tractions separated by 8 sec, and as on the fatigue trials, only the second 
contraction was judged. 

The initial force level of the fatiguing contraction was constant 1 oughout 
а session, and the force level of the first phasic contraction on each n-nfatigue 
trial was always the same as the initial force level of the fatiguing c itraction. 
Therefore, each of the 14 test contractions within a session was preceded by 
a phasic or sustained contraction at one given level of apparent intensity. 
Pilot experiments had shown that this procedure allowed the numerical esti- 
mates obtained on fatigue trials to be most meaningfully compared to those 
obtained on nonfatigue trials. The interval between a nonfatigue and the fol- 
lowing fatigue trial was 30 sec, and the interval between a fatigue and the 
following nonfatigue trial was 5 min. 

There were six conditions of fatigue; four comprised Group I and two com- 
prised Group II. The initial force levels and durations of the four fatiguing 
contractions in Group I were chosen to represent approximately equal areas 
(4,500 N -sec) under four of the curves shown in Figure 2. That is, they were 
chosen to be equal in terms of force level integrated over time. Their initial 
force levels and their durations were: 88 N., 72 sec; 116 N., 62 sec; 195 N. 
37 sec; 331 N., 21 sec. The two fatiguing contractions in Group II were also 
chosen to be equal in terms of force level integrated over time, but represented 
approximately twice the area (9,000 N.-sec) under the curves in Figure 2 as 
the contractions in Group I. Their initial force levels and durations were 116 


There was noteworthy stability in the constant-effort (fatiguing) 
contractions for individual subjects. Each of the eight sets of records 
in Figure 3 shows the performance of an individual subject on five 
contractions exerted in the same test session. The sets of records 
displayed were chosen at random for the 19 sets obtained for each 
fatiguing contraction from Group II, but they reflect the consistency 
of performance that characterized the entire experiment. There 

, Was a clear similarity in the overall course of the contractions from 
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Fig. 3. Eight sets of records that show the performance of individual subjects 
0n five repeated constant-effort contractions 


one subject to another, but there was also clear variation in the exact 
rates of decline and in the asymptotes. This variation probably stems 
from interindividual variation in overall strength. Of greater impor- 
tance in the present context, however, was the consistency of each 
individual's performance. Rarely did any subject show а greater 
Spread in repeated contractions than is illustrated in Figure 3. This 
finding argues in favor of the use of constant-effort contractions 
as a dependent variable (Experiment I) and as an independent vari- 
able (Experiment II). ч 
The effect of fatigue was apparent in two ways: (a) in the in- 
ability of some subjects to exert test squeezes at one or both of the 
two highest force levels, and (b) in the inflation of the estimates 
of intensity assigned to the test squeezes. Even when a subject 
seemed able to exert all of the force levels, his contractions at the 
two highest levels were occasionally of questionable validity. In 
their attempts to reach the highest levels, some subjects tended to 
jerk the handle of the dynamometer. J erky motion, if applied with 
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sufficient force, could produce a transverse movement of the arms of 
the handle and thereby bring the opposing capacitor plates into 
contact. The short circuit produced by contact of the plates might 
be only momentary, but even so, it called into question the force 
level actually achieved. Unfortunately, it was not always possible 
to correct this behavior during a session. Rather than eliminate only 
the questionable contractions from the data, it seemed prudent to 
eliminate the two highest force levels completely from further con- 
sideration. 

The four sustained contractions in Group I all had about the same 
effect on the perceived intensity of the test contractions (Figure 
4). In general, they caused a moderate, and rather uniform, ratio 
increase in perceived intensity. Power functions appear to fit equally 
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well data obtained with and without prior fatigue. In addition, 
fatigue seemed to have little if any influence on the size of the ex- 
ponent (slope). The average exponent obtained with fatigue was 
some 5% smaller than the average exponent obtained without fatigue. 

Figure 5 shows the effects of the two contractions in Group II. 
Again, the estimates of apparent intensity were inflated, though 
surprisingly little more than the estimates after the Group I con- 
tractions. Power functions were again adequate to describe the data 
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initial intensity of Group II 


obtained with and without fatigue. The fatiguing stimulus whose 
initial intensity was 331 N. seemed to have negligible effect on the 
exponent, but the fatiguing stimulus whose initial intensity = 
116 N. produced an exponent of 1.44, compared with 1.84 for the 
Corresponding function without fatigue. à 
The finding that all six of the fatiguing contractions produce 
Very similar inereases in the perceived intensity of phasie contrae- 
tions easts doubt on the possibility that force level integrated over 
time might, be used as an indicant of fatigue. When all six pairs of 
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functions are viewed together, the constancy of the effect of fatigue 
on the exponent of the psychophysical function seems also more 
striking than the variation. (In the one case where fatigue seemed 
to reduce the exponent significantly, the fatiguing contraction was 
exerted over a long duration, 168 sec. Perhaps long contractions 
affect the exponent in a way not seen in contractions of moderate 
and short durations; it is also possible, however, that random vari- 
ability in the intensity estimates accounts for the disparity.) In five 
of the six cases studied, fatigue did not significantly alter the ex- 
ponent, and therefore its effect was virtually equivalent to mul- 
tiplying the load of the test squeezes by an appropriate factor. This 
point is illustrated in Figure 6, where the nonfatigue results are 
plotted as a function of newtons, and the fatigue results are plotted 
as a function of newtons multiplied by a constant W. In log-log 
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Fig. 6. Perceived intensity plotted as a function of newtons for the six non- 
fatigue conditions (unfilled circles) and as a function of newtons x W for the 
six fatigue conditions (filled circles). The straight lines are power functions 
fitted by the method of least squares to the unfilled circles. Curves A through 
D show the effects of the fatiguing contractions from Group I (88 N., 72 50; 
116 N., 62 sec; 195 N., 37 sec; and 331 N., 21 sec respectively) and curves E 
and F show the effects of the fatiguing contractions from Group II (116 N» 
168 sec; and 831 N., 60 sec respectively). 
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coordinates, the size of W reflects the average horizontal difference 
between the power functions obtained with and without fatigue. 
The straight lines in Figure 6 are power functions fitted by least- 
squares to the data obtained without fatigue. The simple multiplica- 
tive transformation worked very well for five of the six functions, 
but less well for curve E (116 N., 168 sec). 

The sizes of W for the Group I contractions were very similar: 
1.20, 1.24, 1.24, and 1.23 for functions A, B, C, and D respectively. 
Exposure to each fatigue condition was therefore equivalent to а 
20%-25% increase in the physical load of the test squeezes. The 
values of W for the Group II contractions were almost the same as 
for Group I contractions (1.22 for function E, 1.29 for function F). 
Of course, the use of the constant is not very meaningful for E. A 
W of 1.22 obviously ‘overcorrects’ the estimates at the highest two 
force levels, but a W of 1.30 would be necessary to bring the lowest 
three levels into line with the nonfatigue function. 


DISCUSSION 


The results of both Experiments I and II reinforce earlier evi- 
dence that the perceived effort of phasic and sustained handgrip 
contractions is amenable to straightforward mathematical descrip- 
tion (see Stevens and Mack, 1959; Stevens and Cain, 1970). The 
need for two exponential terms to describe the constant-effort con- 
tractions suggests that two distinguishable processes may underlie 
the perception of effort. It is conceivable, for example, that one 
exponential term represents the activity of mechanoreceptors in 
the tendons or the skin, and the other term the activity of receptors 
Sensitive to noxious metabolites produced by muscular activity. 
Both kinds of receptors can operate in sustained contractions, but 
it remains to be seen whether their roles can be separated at the 
Psychophysical level. Some introspective evidence bears on this 
point: at the beginning of a contraction the sensation 18 localized 
mainly in the palm, and can be described as cramp-like, but as the 
contraction is continued (and the appropriate reduction in force 
has been made) , the sensation tends to spread to the wrist and fore- 
arm, where the quality is experienced more as a *burning. There- 
fore, two qualities of sensation are felt by the subject and both are 
Part of the total perceived effort. \ А 
: It is, of course, arguable that results of curve fitting might bear 
little relationship to the number of processes or stages of a complex 
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process that underlie the sensation. Often, alternative equations fit 
a given set of experimental observations. In the present case, how- 
ever, the double-exponential function was found to describe seven 
sets of observations, and the values of the rate parameters remained 
invariant from one set of observations to another. This would seem 
to support the present description and to provide incentive to search 
further for some kind of dual mechanism in the perception of effort. 

The invariance of the rate constants can be added to a growing 
list of invariances shown to characterize various muscle sensations 
(see Stevens and Cain, 1970). The exponent of the psychophys- 
ical power function for apparent effort appears to be nearly the 
same from one muscle group to another. The rate of change of the 
isometric endurance function (the function that relates the maxi- 
mum length of time that a contraction can be exerted to the force 
level of that contraction) seems also to be invariant across muscle 
groups. For handgrip, the growth of apparent effort with duration 
does not depend on the force of contraction, and the growth of 
effort with force for contractions of various constant durations does 
not depend on the duration of the contractions. The evidence from 
Experiment II suggests that the exponent of the psychophysical 
power function for phasic contractions may also remain invariant 
from the nonfatigued to the fatigued state. 

The simplicity and reliability of the constant-sensation procedure 
recommend it for the study of time-dependent sensory processes such 
as adaptation and fatigue. There has been little use of the method, 
although its advantages are several. One of its best points is that 
fatigue and adaptation can be charted at any level. Another is that 
the method seems well suited to the examination of the individual 
subject. In a study of adaptation in the thermal senses, it was found 
that a subject would reliably give the same adaptation curve when 
the task was to vary the temperature of a Peltier stimulator to main- 
tain a minimal, but constant, sensation over time (Kenshalo and 
Scott, 1966). Consistent individual differences in the curves wel? 
also demonstrated. 

Because of the suitability of the constant-sensation method for 
the study of the individual, the method may prove particularly use 
ful in the examination of muscle disturbances and pathology. Tak- 
ing a cue from Humphreys and Lind (1963), who studied how the 
endurance of a normal muscle compares with the endurance of & 
muscle whose blood supply is occluded, we have conducted pilot 
studies on how the constant-sensation function is affected by 0° 
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clusion of the blood supply to the arm. Under occlusion, the early 
portion of the function is virtually the same as when circulation is 
normal. Later on, however, a dramatic difference appears. The oc- 
cluded arm tires far more rapidly in the later stages, perhaps be- 
cause of the accumulating noxious metabolites in the muscles. The 
important point here is how quickly and easily the constant-sensa- 
tion procedure is able to detect a disturbance of muscle function 
in an individual subject. 


Notes 


This research was supported by Contract ¥44620-67-C-0017 with the United 
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ADAPTATION TO UNIOCULAR IMAGE MAGNIFICATION 
AFTER VARYING PREADAPTATION ACTIVITIES 


William Epstein 
University of Wisconsin, Madison 


Adaptation was measured after a 30-min exposure to a 5% meridional size 
lens, axis 90 deg. In the preadaptation period immediately preceding exposure, 
the subjects spent 10 min sitting in the dark with both eyes covered (C). 
monocularly exploring the building (M), or binocularly exploring it (B). The 
major finding was that the magnitude of adaptation was affected significantly 
by the preadaptation activity: C = M > B. This finding is discussed in the 
context of a general formulation of the process of adaptation to the lens. 


A meridional size lens (MSL) worn before one eye magnifies 
the image in that eye. When the axis of the lens is vertical, the 
image is magnified along the horizontal meridian and the disparity 
betweenuthe images of the two eyes is altered, causing highly 
predictable perceptual distortion (Ames, 1946; Ogle, 1964). Ep- 
stein and Morgan have presented evidence (1970) that durative 
exposure to the lens results in adaptation to the disparity the lens 
produces. After binocularly exploring a typical indoor environment 
while wearing the lens, the subjects made depth judgments that 
exhibited significant shifts in an adaptive direction. The adaptive 
shifts were observed when the depth judgments were made in the 
absence of the lens (aftereffect), as well as when the lens was still 
in place (direct measure). Ws 

The adaptive shifts were attributed to a reevaluation of binocular 
disparity—to a recalibration of the relationship between disparity 
and perceived depth. The following was proposed as an account of 
the reevaluation process (Epstein and Morgan, 1970). When binocu- 
lar disparity is paired with a competing set of monocular cues, à 
condition of informational discrepancy exists. The discrepancy iS 
resolved initially by suppression of the information provided by dis- 


ra 
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parity. In a visual field that contains the normal complement of 
monocular cues, suppression commences almost at once. The rapid 
onset of suppression is evident in the fact that even in the initial 
moments of exposure to the meridional size lens in a typical environ- 
ment, the subject does not report full MSL effects. The suppression 
process sets the stage for the reevaluation of disparity. The reevalua- 
tion is assumed to be an associative process, proceeding along lines 
similar to the development of stimulus equivalence. That is, by 
pairing disparity with dominant monocular cues, disparity becomes 
equivalent to the monocular cues as a stimulus for depth. 

The present experiment examined this hypothetical account by 
examining the effect of various» preadaptation activities. The basic 
premise was that preadaptation activities that accelerate suppression 
of disparity also accelerate adaptation. Three preadaptation activi- 
ties were compared: both eyes covered (C); undistorted monocular 
viewing (M) ; and undistorted binocular viewing (B). The sequence 
of events in the experiment was: first, an initial set of judgments 
of equidistance, with and without the meridional size lens; then, a 
10-min interval filled by one of the three preadaptation activities; 
then, a 30-min period of exposure to the lens in a typical indoor 
environment; and last, a final set of equidistance judgments, with 
the lens. The difference between the initial and final equidistance 
judgments provided the measure of the adaptive shift that oceurred 
during the 30-min period of exposure to the lens." The principal 
objective was to determine whether the magnitude of adaptive 
shift would depend on the nature of the preadaptation activities 
that filled the second stage. 

Undistorted monocular viewing (Activity M) introduces a pe- 
riod of disuse of binocular disparity, accompanied by forced reli- 
ance on monocular depth cues. This activity should reduce the 
length of time that is required for the suppression of disparity during 
the ensuing adaptation period. Consequently, given à relatively 
short adaptation period, the adaptive shift should be greater after 
Activity M than after Activity B. Undistorted binocular viewing 
(Activity B) provides exposure to disparity, as well as continued 
reinforcement of the preexperimental association: between bin- 
ocular disparity and the monocular cues; so suppression of disparity 
and the reevaluation leading to adaptation should be slower after 
Activity B. And when the eyes are closed (Activity C) there 1s 
again a period in which disparity is not used; so adaptation after 
Activity C should, it was expected, exceed adaptation after Activity 
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B. In addition, comparison of Activity C and M allowed us to 
determine whether forced exercise of monocular discrimination 
enhances adaptation over and above the effect of disuse of disparity. 


METHOD 


-Subjects- The subjects were 66 undergraduates with uncorrected vision. They 
volunteered to serve in the experiment to earn extra course credit. 


~Apparatus-Two pairs of reversible melters' goggles were used. One pair had 
а 5% meridional size lens, axis 90 deg, in one frame and plain: jlass in the 
other frame. The other pair had plain glass in both frames. T: e depth-di- 
crimination apparatus was identical to that used by Epstein and Morgan 
(1970) ; it is described in detail by Ebenholtz and Walchli (1965, pp. 455-456). 
Briefly, two fine electroluminescent vertical lines, separated laterally by 65 
mm, are presented in total darkness. By turning a knob, the experimenter 
causes the two lines to move slowly and continuously, one advancing and the 
other receding by exactly the same amount. The lines are visible to the sub- 
ject through a rectangular aperture at the face of the apparatus. The dimen- 
sions of the aperture ensure that the visible portions of both lines subtend 
the same, invariant, visual angle at all positions of the lines in the apparatus. 
When the subject's head is stationary and the room is dark, the discrimins- 
tion of depth intervals between the lines depends exclusively on binocular 
disparity. Informal tests restricting the observer to monocular vision sup- 
ported this claim by showing that depth discrimination was not possible 
without binocular vision. 

-Procedure-The subject was seated with his head in a restraining device that 
prevented head movement. His head was frontal-parallel with the viewing 
aperture, and his eye-level was at the height of the midpoint of the aperture- 
hier iren: from his eyes to the equidistance position of the two test lines 
was 6 ft. 

In the first stage of the procedure, four sets of four equidistance judgments 
were secured, using the method of adjustment. All subjects made the four sets 
of judgments in the same order: first, wearing the plain glass goggles; then- 
with the meridional size lens before ‘other’ eye; then, with the plain glas 
goggles again; and finally, with the lens before the eye that was slated to wear 
it during the adaptation period. Rest periods of 30-sec duration interven 
between Successive sets. During these intervals the goggles were remove 
room illumination was increased to a dim level, and the subject was allowed 
to look about freely. The depth-discrimination apparatus was not visible. The 
test sequence required three changes of goggles; the changes were made while 
the subjects eyes were closed and without any indication by the experimenter 
about the nature of the glasses. 

After the last set of judgments, the MSL goggles were removed and the 
subject participated in one of the three preadaptation activities. During AC- 
tivity C, the subject sat at ease in the laboratory room, wearing a pair © 
opaque goggles that occluded vision completely. Activity M was a walk about 
the corridors of the Psychology Building. During the entire period one ё 
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жаз occluded. Activity B was the same walk with both eyes uncovered. In 
eh caso the duration of activity was 10 min. 

Upon conclusion of the 10-min period the MSL goggles were put on ands 
Wü-min adaptation period began. During the adaptation period all subjects 
walked the corridors and stairs of the Psychology Building. 

At the conclusion of the 30-min adaptation period, the subject was ro- 
turned to the laboratory again. There he provided a final set of two depth 


judgments, wearing the MSL goggles. 
RESULTS 


| The objectives of this experiment required subjects with uncor- 
rected vision and good stereopsis. In а random sample of under- 
graduates in psychology courses, many students were found not to 
meet these requirements, especially for stereopsis. Three aspects of 
| the preadaptation data were used to select subjects for participa- 
tion: it was required (a) that there be no overlap among the ‘plain- 
glass judgments’ and the two sets of ‘MSL judgments,’ (b) that the 
“mean plain-glass judgment not deviate by more than 1 em from true 
'equidistance, and (c) that the MSL judgments deviate from objec- 
ive equidistance by at least 6 em in the predicted direction. The 
ideal geometric effect for our experimental arrangement was 9.1 
em? There were 18 subjects who failed to satisfy these criteria. 
"They were terminated after completion of the first stage of the ex- 
periment, The data reported below are based on the performances 
of 48 subjects, 16 assigned to each preadaptation activity. Of these, 
228 subjects in each condition adapted to the meridional size lens in 
front of the left eye, 8 to the lens in front of the right eye. 


Preadaptation plain-glass judgments 

Table 1 shows the means of the preadaptation plain-glass judg- 

ments (Pre PG). Since the variance was restricted sharply by our 
Selection procedure, it is not surprising that there were no signifi- 


ant differences among the means. 


Preadaptation MSL judgments 


The meridional size lens produces an apparent rotation of the 
frontal plane, so that when the two test lines are objectively cael 
distant, the lime on the same side as the lens appears farther эй. 
Consequently, to achieve subjective equidistance, the right line m 
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Table 1. Mean separation in depth (cm) when test lines were judged equidistant 


Exposure eye 


Preadaptation activity Left Right Combined means 
Monocular (M) 
Pre PG .81 .79 .80 
Pre MSL 7.71 8.83 8.27 
Post MSL 6.40 6.46 6.43 
MSL diff 1.31 2.37 1.84 
Closed (C) 
Pre PG Sel .59 .65 
Pre MSL 8.11 7.78 7.94 
Post MSL 6.28 5.68 5.98 
MSL diff 1.83 2.10 1.96 
Binocular (B) 
Pre PG .67 .96 .81 
Pre MSL 7.01 6.78 6.90 
Post MSL 6.47 5.65 6.06 
MSL diff .54 1.13 .84 
Combined MSL diff 1.23 1.87 


Rl A RES 


be moved forward when the right eye is exposed to the lens, and 
the left line must be moved forward when the left eye is exposed 
to the lens. As noted earlier, the predicted separation was 9.1 cm. 
Table 1 (Pre MSL) shows the obtained mean separation in depth 
when the two test lines were judged equidistant. The means for 
the six groups ranged from 6.78 to 8.83 cm. 

An analysis of variance was computed to determine whether the 
means associated with the three preadaptation activities differed and 
whether there was a difference associated with exposure eye. No 
significant effects were revealed, Therefore, we may conclude that 
the subjects assigned to the three activities were equally susceptible 
to the meridional size lens. In addition, we may conclude that both 
eyes yielded comparable MSL effects prior to the adaptation period. 


Postadaptation MSL judgments 


Table 1 (Post MSL) shows the mean postadaptation MSL settings. 
Adaptation to the lens is evident when the mean separation a 
depth is smaller following exposure than preceding exposure. This 
was the case for all three conditions of preadaptation activity and 


UNIOCULAR IMAGE MAGNIFICATION 71 


for both eyes. For each subject, the difference between the pre- 
adaptation and postadaptation depth interval was computed. A posi- 
tive sign was assigned to the difference when the postadaptation 
interval was smaller, and a negative sign when the postadaptation 
interval was larger. Of the 48 subjects, 40 showed positive shifts, 
7 showed negative shifts, and 1 did not shift. 

A constant was added to each difference score, which eliminated 
the negative signs, and an analysis of variance was computed on 
the transformed differences. The effects of preadaptation activity 
[F (2, 42) = 4.06] and exposure eye [F (1, 42) = 4.76] were signifi- 
cant (p < .05). The interaction was not significant. Inspection of 
Table 1 reveals the nature of the significant effects. Activities C 
and M yielded comparable pre-post differences (ie., adaptive 
shifts), but both C and M yielded greater differences than Activity 
B. For each activity, the difference was greater when the right eye 
was exposed to the meridional size lens. 


Table 2. Mean percent adaptation after different preadaptation activities 


Exposure eye 
Preadaptation activity Left Right Combined means 
Monocular (M) 18.0 30.7 24.8 
Closed (C) 21.7 29.1 25.4 
Binocular (B) 8.5 15.0 11.7 
Combined means 16.1 24.9 


, Combmeimems Ee БЫР ЕЕЕ а 


Percent adaptation 
The percent adaptation was computed for each condition using 
the formula 


Pre MSL — Post MSL 
o MERE 

able 2. The significant effects revealed 
by the preceding analysis are discerned readily in Table 2. Percent 
adaptation was least for Activity B; Activities M and C differed 
very little. For each activity, percent adaptation was greater when 
the right eye was exposed to the lens. Analysis of variance of the 
percent-adaptation data showed that the main effects, of preadapta- 


These data are presented in T 


tion activity [F(2, 42) = 3.98, p < .05] and exposure eye [ 
= 7.32, p < .01], were both significant. 


DISCUSSION 


The experiment was designed to examine an implication of Ep 
and Morgan’s account (1970) of the process responsible for 
tion to a meridional size lens. The account implied that acti 
immediately preceding the adaptation period would affect the В 
of adaptation. Activities that encourage reliance on monocular g 
cues were expected to accelerate suppression of disparity ай 
facilitate adaptation. Monocular exploration of a setting that 
tains the typical complement of depth cues is an obvious exa 
of this type of activity. On the other hand, activities that 
the preexperimental relationship between disparity and de 
between disparity and monocular depth cues, were exp 
retard adaptation. Unrestricted binocular exploration of the ty] 
extralaboratory environment is an example of this type of acti 
The experimental data confirmed these expectations. The 30- 
adaptation period yielded 24.3% of full adaptation when it 
preceded by Activity M, and only 11.7% of full adaptation л 
it was preceded by Activity В. \ 

Activity М was а period of forced reliance on monocular 1 1 
cues, but it was also a period of disuse of binocular disparity- 
though our discussion of Activity M has stressed the former fa 
it is obvious that the facilitative effect of Activity M could be 
to disuse of disparity. The results for Activity C help resolve 
ambiguity. Adaptation following Activity C exceeded the ms 
tude of adaptation that followed Activity B and did not d 
significantly from the effect obtained after Activity M. 8 
results for preadaptation with the eyes closed, as in Ac 
have been found in recently completed studies of adaptation to 0 
cal tilt. The fact that Activities C and M had comparable ей 
suggests that the effective distinetion between these acti 
Activity B is their disuse of binocular disparity. Apparently, & 
of disuse weakens the relationship between disparity and 
depth.* Weakening of this relationship is conducive to supp 
of binocular disparity and more rapid adaptation. The fae 
effect of disuse is not enhanced by the forced exercise of 
discrimination, as in Activity M. 
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The experimental data also show significant effects associated 
with exposure eye. Adaptation was greater when the right eye 
was exposed to the meridional size lens. This difference cannot be 
attributed to differences in initial susceptibility to the lens, since the 
preadaptation effecta did not differ for right- and left-eye exposure 
to the lens. Nor was the difference due to an artifact of our experi- 
mental procedure. A similar difference in favor of the right eye 
has been reported by Burian (1943), using a variety of procedures, 
and we have found the difference with a procedure adopted from 
Gillam (1968), At present we have no explanation to offer for this 
difference. Burian suggested that the difference may be related to 
ocular dominance, but he presented no evidence for this proposal. 
We made informal assessments of ocular dominance with the help 
of a pointing task and failed to uncover the hypothesized relation- 
ship. 


Notes 


This investigation was supported by Research Grant MH-1639-02 from the 
National Institute of Mental Health. Judith Turner provided valuable ar 
sistance in all phases of this investigation. Received for publication June 4, 
1970. 

1. Most contemporary investigations of adaptation have relied exclusively 
on the aftereffect measure, instead of the direct measure used in the current 
study. The relative merits of the two measures have been discussed by Epstein 
(1967, Ch. 9) and by Rock (1966, Ch. 1). More recently a number of investiga- 


questioned the equivalence of the direct and aftereffect measures (see Freed- 
man, Wilson, and Rekosh, 1968; Foley and Abel, 1967; Foley and an 
1969; and Canon, 1970). Most relevant for consideration here is the fact that 
although both the direct and the aftereffect measures showed significant Adap- 
tive shifts in Epstein and Morgan's study of adaptation to the jus UN 
the magnitudes of the adaptive shifts yielded by the two measures lir = 
correlated significantly. For these reasons, as well as considerations be r 
mut convenience, the aftereffect measure was omitted from the 

у. Я dicting 
2. For a meridional size lens at axis 90 deg, the equation for Аа 
Apparent rotation of the frontal plane із tan ¥ = CM — 1)/2M) list Ioh] is 
M is lens magnification as a percentage, V is observation jue A 
one-half the interocular distance. For a discussion of this equation, see 
n рр. 160-166). " 

. M. Ebenholtz, manuscript in preparation. „ч 
4. Evidence that disuse of disparity leads to fast deterioration of eor 
tiveness of disparity is presented by Wallach and Karsh (1903). 
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DISCONTINUITIES IN RECOGNITION LEARNING 
REVEALED BY CRITICAL-TRIAL ANALYSIS 


Robert Teghtsoonian and Martha Teghtsoonian 
Smith College 


. 

The number of choices required to locate а previously seen item among а 
group of alternatives (three-digit numbers or consonant trigrams) was found 
to be a discontinuous function of successive viewings. Until the critical trial 
the first occasion on which the correct item is the subject's first choice—per- 
formance was only slightly better than chance. Immediately after the critical 
trial, the mean number of choices moved to and remained at a sharply lower 
level. The discrete transition at the critical trial was concealed by conventional 
“Averaging over trials numbered from the beginning of the task but emerged 
clearly when averaging was performed over trials realigned with the critical 
trial as reference point for each item. 

| 


When subjects are asked to locate a previously seen item by 
choosing from a set of alternatives until successful, the number of 
choices required changes discontinuously over trials. R. Teghtsoon- 
ian described such a task in which each choice was made from а 
group of 16 three-digit numbers, and in which each trial included 
12 such groups each containing just one previously seen item (1964). 
Until the critical trial—the first occasion on which a particular item 
Was identified with the first choiee—the number of choices re- 
quired to locate the item was fairly stable at about seven. Immedi- 
ately following the critical trial, the number of choices dropped 
nearly to one and remained low on succeeding trials. This strikingly 
discontinuous pattern was observed for all subjects, and indeed was 
Apparent in the data for single items. 
F Since more critical trials occur early in practice than late, the 

Average number of choices at each trial reveals the gradual decline 
typical of continuous acquisition functions. For group averages to 
display the discrete pattern characteristic of individual items, it 18 
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necessary to realign trial sequences so that the critical trial for each 
item becomes the reference point, and to calculate averages for 
trials numbered relative to that reference point. Thus, two alter- 
native acquisition functions can be generated from the same set 
of data. The customarily averaged performance measure, plotted 
against trials numbered from the beginning of the task, shows а 
regular and gradual decline in the number of errors. The other fune- 
tion, obtained by averaging after trials have been renumbered rela- 
tive to the critical trial, shows clearly at that point a sharp discon- 
tinuity in error frequency. 

The present investigation was planned to check the generality of 
the original finding of discontinuity in the error function around 
the critical trial with a larger sample of subjects that had been 
drawn from a different population, and to extend the repeated-choice 
technique to a broader sampling of experimental materials. Accord- 
ingly, one group of subjects was assigned the same problem as in 
the earlier experiment: learning to recognize a group of 12 three- 
digit numbers. For two additional groups, the three-digit numbers 
were replaced by low-frequency and by high-frequency con- 
sonant trigrams respectively. 

Further, the previous experiment had shown that prior to the 
sharp reduction in errors at the critical trial, the subjects were not 
totally ignorant of the identities of the correct items; while error 
levels were high, they reflected better performance than would re- 
sult from guessing. And following the critical trial, while errors Te- 
mained rare, some items did again require more than one choice. 
The present experiment was planned with a view to a closer ex- 


amination of both the precritical-trial learning and the posteritical- 
trial errors. 


METHOD 


-The task-Each subject was told that he would be shown a set of items, 006 
of which had been designated ‘correct,’ and that he was to guess until informe 
that he had found it. Eleven additional sets of a similar nature, each bearing 
a single correct item and 15 different alternatives, completed Trial 1, The 
subject was informed that each subsequent trial would include the same 12 
correct items but that their order and spatial location in each display, 8n 
the identities of the incorrect alternatives, would vary. He was instructed ш 
proceed until he could complete a trial without error, that is, could jdentify 
each correct item in a single guess.1 


CRITICAL-TRIAL ANALYSIS 77 


-Materials-One group of items to be learned was composed of 12 randomly 
selected three-digit numbers. Trial 1 was constituted by grouping each of the 
correct items with 15 alternatives; in selecting the total of 180 incorrect 
alternatives for Trial 1, sampling was performed randomly, and without 
replacement in each set of 15. Four additional trials were prepared in the 
same manner, preserving the identities of the 12 correct items as the only 
factor common to all trials. Over the five trials, the order of the correct items, 
their location within a set of alternatives, and the identities of the incorrect 
alternatives were all determined randomly. If more than five trials were 
required to achieve an errorless trial, the sequence was repeated from Trial 1. 
The task was self-paced; a new card was presented only after the subject 
identified correct item. All responses were given verbally and were recorded 
by the experimenter; each response was immediately identified for the sub- 
ject as correct or incorrect. 

Another group of items to be learned was composed of consonant tri- 
grams. The 10 least frequently occurring consonants in printed English text 
were identified as B, G, J, K, P, Q, V, W, X, and Z, and in that alphabetical 
ordering were mapped into the digits ordered from zero through nine. Ac- 
cording to this code, the entire set of materials described above was trans- 
iormed into a new set, formally identical with the first but substituting the 
least frequent consonants for the digits. The most frequently occurring con- 
sonants were identified as C, Dj FE Н, 1, M) NS S, and T, and following 
the same coding procedure, a third set of materials was produced. 
-Subjects-There were 16 subjects in each of the experimental conditions. All 
48 were summer students at the University of Massachusetts and were paid 
for their services. 


RESULTS AND DISCUSSION 
Conventionally averaged error functions 


In order to provide a standard of comparison for subsequent 
analyses, the mean number of incorrect choices, or errors, was 
determined for each subject for every trial numbered from the be- 
ginning of practice. The means of these values for the three con- 
ditions are shown in Figure 1. All three error functions exhibit 
the gradual reduction typical of this method of averaging. Inciden- 
tally, they indicate that the three-digit numbers and the high- 
frequency consonant trigrams were very similar in difficulty, while 
the low-frequency consonant trigrams appear to have been appre- 
ciably harder to master. A one-way analysis of variance for total 
errors yielded F = 2.59, df = 2, 45, 05 <р < 0. This is consis- 
tent with the finding that while the numbers of subj ects who failed 
to reach criterion for the three-digit numbers and the high-frequency 


consonant trigrams were 1 and 2 respectively, 6 of the 16 subjects 
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presented with low-frequency consonant trigrams failed to reach 
criterion? 


Error functions averaged over trials numbered relative 
to the critical trial 


The first trial on which an item was correctly located with the 
first choice was called a critical trial, and all other trials were re- 
numbered relative to it. Thus, the three trials immediately preced- 
ing the critical trial were renumbered —3, —2, and —1, while the 
three succeeding trials were renumbered +1, +2, and +3. All aver- 
ages were calculated for these renumbered trial values, whether over 
items for a particular subject, or over subjects for a particular group. 

For each subject the mean number of errors was calculated for 
the three trials preceding and following the critical trial? and the 
means of these values for each group are shown in Figure 2 as 
filled circles. In all three conditions there is the same abrupt drop 
in mean error level following the critical trial that was observed 
in the previous study (Teghtsoonian, 1964). It is important to note 
that the nonzero values which follow the critical trial are a com- 
posite of the many cases in which the error level remained at zero 
and those cases in which errors did recur. For 29 of the 48 subjects, 
at least half of the items involved no errors on the first trial follow- 
ing the critical trial; a majority of the items fall into this category 
and of course their mean error level is zero.4 

For the remaining items, a separate calculation was made of the 
mean error level, and these values, shown as unfilled circles in 
Figure 2, reveal an interesting pattern: when items were ‘forgotten’ 
following the critical trial, the number of choices required rose to 
a level apparently continuous with the number of choices required 
prior to the critical trial. It seems that items are either retained in 
an errorlessly available state or revert to a state in which several 
choices are required for their location, the number of choices be- 
ginning at a level close to that prevailing prior to the critical trial 
and declining in a gradual fashion. The data of the previous study 
(Teghtsoonian, 1964) were reexamined for evidence of this par- 
ticular phenomenon, and the results, shown in Figure 3, indicate 4 
similar pattern. 

The similarities between Figures 2 and 3 may be summarized as 
follows. First, all groups exhibit a sharp discontinuity at the critical 
trial. In a conventional data analysis, this drop in the number of 
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Fig. 1. Number of errors made in locating a correct item among 16 alterna- 
tives, as a function of trials numbered conventionally from the beginning of 
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Fig. 2. Number of errors made in locating а correct item among 16 alterna- 
tives, as a function of trials numbered relative to the critical trial for each 


item. The filled circles represent all items. The unfilled circles represent items 
which, after the critical trial, required more than a single choice to locate. 


errors is concealed because the location of critical trials varies over 


items and subjects. Second, in all cases the level of performance prior 
to the critical trial is better than chance. Thus, before the sharp 
improvement that occurs at the critical trial, the subjects have, on 
the average, learned something that enables them to locate the cor- 
rect items with fewer choices than would be required by guessing. 
Third, in all cases the number of choices required remains at a low 
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Fig. 3. Number of errors made in locating a correct item among 16 alterna- 
tives, as a function of trials numbered relative to the critical trial for each 
item. Data from Teghtsoonian (1964), a study in which a single group of sub- 
jects (М = 12) served for three sessions; the materials were three-digit 
numbers. The filled circles represent all items. The unfilled circles represent 
items which, after the critical trial, required more than a single choice to 
locate. 


level following the critical trial. And fourth, this relatively low 
mean score is a composite of two classes of items: the first group 
consists of items that continue to be correctly located with one 
choice, as they were on the critical trial; the second group con- 
sists of items that require several choices before the correct re- 
sponse is made, and the mean number of responses required appears 
to be continuous with the level achieved prior to the critical trial. 
When the performance for these items is viewed in conjunction 
with the performance preceding the critical trial, the resulting 
picture suggests a continuous aspect of recognition learning. It 
seems that a subject gradually improves in his ability to reduce the 
number of incorrect, choices and that during the process, items fre- 
quently make a sudden transition from a state in which several 
choices are required to one in which no errors are made. 


Learned reductions in error-run lengths 


Perhaps more puzzling than the discrete change in performance 
levels at the critical trial is the evidence of learning prior to the criti- 
cal trial and the still-better performance levels for items involving 
the recurrence of error following the critical trial. It is not clear just 
what has been learned. One possibility is that the subject is learning 
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to identify incorrect alternatives as such and that this skill may be 
exercised for a set of alternatives even when the correct item is not 
immediately recognized. The subject may have learned some general 
properties of the list of correct items (e.g., no multiples of 100, no 
item beginning with a particular digit) even though unable to cor- 
rectly recognize each item on that list; on that basis he is able to 
exclude certain alternatives from consideration. This ‘exclusion 
learning’ hypothesis is consistent with the results of an analysis of 
error popularity for low-frequency consonant trigrams: 8% of the 
errors on Trials 2-6 were accounted for by the three least popular 
choices on each card, compared to a chance expectation of 20% of 
the errors. The subject does appear to avoid certain incorrect alter- 
natives even when he is mistaken in his choice. 

The same error-popularity analysis of the low-frequency con- 
sonant trigrams also suggests that some of the incorrect alternatives 
are chosen more frequently than expected by chance. On Trials 2-6, 
33% of the errors were accounted for by the three most popular 
choices on each card. It seems likely that the subject develops par- 
tial knowledge of some correct items and on that basis selects par- 
ticular alternatives. This conclusion is also implied by the relative 
frequencies with which error sequences of various lengths occur. 
For all three tasks, the modal error sequence is of length one. That 
is, the single most frequently occurring error is the case in which the 
correct item is located with the second choice. If error sequences 
of lengths one and two are combined and summed over the three 
tasks, they constitute the following proportions of all subject- 
item errors: 24, .27, 37, 42, 48, and .52 for Trials —3, —2, —1, 
+1, +2, and +8 respectively. (In every case, guessing would yield 
& proportion of .13.) Even allowing for short error sequences 
occurring by chance, the subject appears to be choosing in many 
cases from among only two or three alternatives. It seems unlikely 
that such a reduction of the number of effective alternatives 18 
achieved by exclusion alone. 4 Е 

Although both exclusion learning and partial learning of correct 
items are possible explanations for the better-than-chance perfor- 
mance levels when errors occur, we are not able to draw any con- 
clusions about their rate of growth. Although the error functions 
in Figure 2 suggest gradual improvement, this may be due to the 
same sort of artifact that generates the gradual decline of the iie 
funetions in Figure 1. The present experiment was designed d 
the concept of learning to recognize a complete item, and we co 
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readily stipulate the behavioral criteria for a critical trial. Different 
procedures would be required for the definition of critical trials 
in the cases of exclusion learning and partial learning. It remains to 
be seen whether such critical trials would mark similar discon- 
tinuities to those observed for whole-item recognition. 


SUMMARY AND CONCLUSIONS 


The present results confirm and extend the previous finding that 
the first errorless selection of a correct item from a group of al- 
ternatives marks a discrete transition in the subject’s capacity to 
recognize previously seen items. Prior to that critical trial, the sub- 
ject requires several choices before making the right one, but after- 
ward, the number of choices is near zero for most items. This out- 
come has now been observed for two kinds of consonant trigrams 
as well as for three-digit numbers. 

However, the sharp transition at the critical trial does 72t proceed 
from guessing to consistently errorless performance. Prior to the 
critical trial, the subject has learned enough about the identities of 
the correct items to reduce the lengths of his error sequences below 
the guessing level. And following the critical trial, some items do 
revert to a state requiring several choices with an average value that 
appears continuous with levels prevailing prior to the critical 
trial. Such a finding is consistent with a model proposing a process of 
gradual learning during which sudden transitions to an errorless 
state occur as critical thresholds are attained for particular items. 
But the gradual aspect of the error functions may reflect the same 
kind of statistical artifact that is associated with conventionally 
averaged error data. Whatever the subject is learning aside from the 
actual identities of the correct items, such learning may itself in- 
volve critical trials and may be characterized by discontinuities at 
that point. Of all the things that the subject may be learning, we are 
able to define critical trials only for correct item location, and when 
we do, the associated discontinuities are evident. Perhaps a similar 
outcome would obtain if other dimensions of the subject’s learning, 
and the associated critical trials, could be as precisely defined. 


Notes 
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1. In fact, we report below data for the first 16 subjects run under each 
condition, even though this meant including 9 subjects who did not reach 
criterion. These subjects were unable to continue to the end of the procedure 
because of pressures of time; the shortest period of time served by any of 
these 9 was 80 min. 

2. Despite these failures, the total number of subject items for which a 
critical trial could be determined was very similar in all three conditions: 
190, 185, and 190, for three-digit numbers, low-frequency consonant trigrams, 
and high-frequency consonant trigrams respectively, out of a maximum pos- 
sible of 192 (12 items for each of 16 subjects). Further, the number of trials 
Tun was similar among the three conditions. The mean values were 1156, 
1231, and 10.56 for three-digit numbers, low-frequency consonant trigrams, 
and high-frequency consonant trigrams respectively; a one-way analysis of 
variance yielded F < 1.0 for df = 2,45. 

3. Trial 1 scores were never included in this analysis since they could not 
reflect any effects of learning. Occasionally, the critical trial occurred within 
the first four or last three trials. For such items, therefore, data were not 
available for all six trials relative to the critical trial. Such cases were, how- 
ever, included in the calculation of averages, but for each subject so affected, 
his mean scores were calculated for the reduced number of items. While it 
Was common for critical trials to occur early, very few occurred within the 
last three trials (due to the fact that the end of the task was commonly 
delayed by the recurrence of errors for items after a critical trial had been 
achieved). A separate analysis for the effect of critical-trial number suggests 
that the pattern of discontinuity at the critical trial occurs at all stages of 
the task. T 
1. This fact can be given greater prominence by representing each subject's 
Performance by medians rather than means, аз Was done in the previously 
Teported study. However, this has the disadvantage of obscuring the relatively 
high error levels characteristic of those items involving the recurrence of error. 


5. Each subject was represented by the mean of his error frequencies on 
Trials — 7, 8 and EC and his Es. was subtracted from 7.5, the level ex- 
Pected by chance. The resulting difference distributions yielded values of 
t = 772, 174, and 161 for three-digit numbers, low-frequency consonant tri- 
grams, and high-frequency consonant trigrams respectively (in each yes 
df = 15). The mean differences were reliably greater than zero with p < 

for three-digit numbers, but 05 < p < 10 for both forms of trigrams. & 
one-way analysis of variance performed on the three distributions showed a 
reliable difference among them (F = 834, df = 2, 45, p < 01); pair-wise 
Comparisons showed that three-digit numbers differed reliably from both а 
168 of trigram but that the latter did not differ between themselves. e 
etter-than-chance level observed previously for three-digit numbers is mmus 
firmed here, but the level was clearly superior to that obtained for ч ег 
Variety of trigram, Whatever the subject learns prior to the critical trial is 
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learned to a greater extent for three-digit numbers. This difference occurred 
despite the formal identity in the structures of items for all three types of 
material, and it poses some interesting questions about the variables which 
control the level of performance that precedes the critical trial. 
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EVENT TRACKING IN PROBABILITY LEARNING 


Arthur S. Reber and Richard B. Millward 
University of British Columbia and Brown University 


After 1,000 observation trials in which the event schedule followed a saw- 
tooth wave with a period of 50 trials, subjects tracked the events very closely 
on periodic test trials but showed no periodic tracking on no-event or con- 
stant-probability test trials. During the early periodic-event cyeles the subjects" 
response proportions tracked the event proportions approximately as predicted 
by statistical learning theory, but during later cycles, their response proportions 
peaked and bottomed at the same points as the event proportions, & relation- 
ship nicely described by the averaging model of Friedman, Carterette, and 
Anderson. 


Only two studies have been reported in which the sequence of 
reinforcing events in a probability-learning experiment was sys- 
tematically varied according to some long repetitive function. 
Estes (1957a) mentioned an unpublished study in which the event 
probabilities varied according to the contingent linear function 
а, + bın, if an A; response was made, and az + ben, if an Аз re- 
sponse was made, In that study, he was testing à development of 
statistical learning theory for the changes in behavior with con- 
Stant, variable, and contingent probabilities of reinforcements 
(1957b). The second study (Young, 1967) indicated that when 
the event sequence is sinusoidal, the subjects' responses reflect the 
periodieity. Both studies give qualitative, but not rigorous, sup- 
port to statistical learning theory. However, both contained far 
ioo few trials to measure asymptotic behavior reliably. The pri- 
mary theoretical purpose of this experiment, was to test statistical 
learning theory for long-term, stable, asymptotie behavior with 
varying event sequences. f : 

The present experiment was also run to provide evidence on 


Several empirical issues critical for any theory of probability 
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learning. The first of these concerns the extent to which subjects’ 
response probabilities are sensitive to events occurring on previous 
trials. Millward and Reber (1968) and Vitz and Hazan (1969) 
have both shown that with Bernoulli event sequences subjects 
attend to and retrieve information from rather remote trials. It 
seemed important to study remote dependencies with structured 
event sequences. 

A second empirical concern was with the extent to which subjects 
detect and respond to a well-defined cycle that extends across 
many trials. Anderson (1964), in his criticism of statistical learn- 
ing theory, argued that long-term event patterns influence response 
probability. The probabilistic event cycle used in the present 
study seemed appropriate for testing this notion. 

The third empirical concern was with the role of no-event trials. 
Previous research (Reber and Millward, 1968) has indicated that 
with Bernoulli sequences, response proportions continued to ap- 
proximate т even after the events were no longer presented. It 
was considered important that we try to evaluate the statistical na- 
ure of responding on these ‘blank’ trials when the event sequence 
had long-term structure. 


METHOD 


-Procedure-Three types of trials were involved in the experiment: observe 
tion, no-event, and prediction trials. Observation trials consist of the presenta- 
tion of events at a rate of two per sec. The subject does not respond during 
these trials and no preparatory signal is presented; he simply observes events 
according to some presentation schedule (see Reber and Millward, 1968, for 2 
full discussion of this procedure). The no-event, or ‘blank’ trial, procedure has 
a long history in the literature on probability learning (e.g. Millward, 1967: 
Greeno and LaBerge, 1963). On no-event trials, a signal occurs indicating 
that the subject should respond, he responds, but no event occurs. The 
structions imply that the events have been programmed in a manner statis- 
tically similar to those the subject has just seen but that he will not see them- 
He is told to respond on each trial just as if an event has occurred and to be 
correct if he can. Prediction trials are standard probability-learning trials with 
a signal to respond, a response, and a reinforcing event. 

The experiment lasted three days. On each day, the subjects received 1,000 
observation trials followed by 1,000 test trials. These test trials constitu 
an independent variable of the experiment. In all cases, the event sequence 
for the 1,000 observation trials was defined according to the functions 
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(£--S(n-1) for 162 <P, 
z. = $4 — Sn —P) for Р, Sn «Fi, (1) 
(t + Sa- Р) for Р, SA SP 


where P, = (P + 3)/4; Pa = (P + DA; Pa = GP + DAS = 4КР ~ 1); 
# is the probability of an E, event on Trial n; and the index n is taken modulo 
P. The parameters z, P, and e define the mean E, event probability, the period 

7 of the saw-tooth wave, and the excursion from т respectively. In this experiment 
P= 50, с 4, and r = .60. Thus, the wave started on Trial 1 at ,6, increased 
linearly with constant S = ‚03265 until Trial 13 (та = .9918), decreased 

- until Trial 38 (xı, = .2082), and then increased again to .6 on Trial 50. This 
субе was repeated for 20 blocks of 50 trials.! The actual averaged event pro- 
portions [P(E,)] realized by the random events generated with Equation 1 on 

iy 1 are shown in Figure 1b. 

The presentation of the 1,000 observation trials took approximately 8 min. 
The purpose of these trials was to ensure that tbe subjects were at asymptote 
prior to running the test trials (see Reber and Millward, 1968). On Day 1, following 
the observation trials, the subjects received 1,000 standard trials on 
which the ev t sequence was the wave function defined in Equation 1. On Day 2, 

"id rere 1000 no-event trials, while on Day 3, the test trials were 
1,000 prediction trials with a constant probability .60 of E, event, There were 
no special instructions on the nature of the event sequences. 
-Subjects-The subjects were 20 high-school juniors and seniors from the Provi 
dence school BE They were run for two hours а day for three days and 
paid $7.50. The 20 subjects were run in five subsets of four subjects each. 
All subjects in a subset had the same sequence of observation and event 
outcomes, The timing of events and signals was as described in an earlier 
paper (Reber and Millward, 1968). 
-Apparatus-The subjects were seated in four separate booths. In front of 
each subject was a response panel with two push buttons and two event lights. 
Centered above the event lights was signal light. The experimenter mabe 
hind the subject and controlled the presentation of the events. 


RESULTS 
Day 1 


On Day 1, the reinforeing events on test trials followed the same 
function that defined the events of the observat ion trials. Subjects 
systematically tracked the event sequence as it varied over each 
repetition of the wave pattern. Figure la shows & comparison be- 
tween the theoretical event probabilities [P(E,)] and the proportions 
of A, responses [P(A,)]} in blocks of five trials from both the initial 
two cycles and the final two cycles of the test trials. Note there that 
although the 1,000 observation trials had produced some learning 
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about the nature of the event sequence, the subjects were not per- 
fectly tracking the wave on Cycles 1-2. Initial tracking has generally 
smaller amplitude than asymptotic tracking, and the peaks and 
troughs on Cycles 1-2 show considerable lag behind the P(/,) curve 
as compared with Cycles 19-20. 

The details of overall trial-by-trial tracking are shown in 
Figure 1b. Here P(A,) on the nth trial within each 50-trial block is 
plotted and compared with P(E;). Overall P(A.) was .627,*or Ў 
slightly over the 7 value of .60. The response proportions and the 
observed event proportions differ in variability and amplitude. The 
larger variance in the event proportions is probably due to the fact 
that only 50 realizations of the event sequence are averaged in each 
point, while 200 subjects’ proportions are averaged for each poi 
of the response curve. The maximum and minimum response propor- 
tions were .84 on Trials 13, 14, and 15, and .39 on Trial 37. Accord- 
ing to the theoretical event schedule, the maximum and minimum 
event proportions occur on Trials 13 and 38, with values of .99 and 
.21 respectively. Thus, the overall response proportic.is showed 
effectively no lag with respect to the event proportions. 

Another way to illustrate what the subjects were doing is to look 
at response proportions on odd-numbered and even-numbered 25- 
trial blocks. According to the definition of the event schedule, an 
overall P(E;) of .80 is expected in the first (odd) 25 trials and an 
overall Р(Е,) of .40 is expected in the second (even) 25 trials of each 
50-trial block. Figure 2 shows that the event proportions were about 
as expected and illustrates the closely matching behavior observed 
in the response proportions. Across the response and event curves, 
almost every rise and dip in the event proportions is matched by 2 
rise and dip in the response proportions. There was a closer match 
between P(A,) and P(E,) on the odd 25-trial blocks than on the 
even 25-trial blocks, as was expected from the observed overshooting 
of 7. The average response proportions for the odd and even trial 
blocks were .739 and .516 respectively. Subjects were obviously 
following the event sequence very closely. | 


Day 2 


On Day 2, the subjects received 1,000 observation trials gene! 
ated according to the wave schedule, and then 1,000 no-event 
trials on which they were asked to predict without event feedback. _ 
If one thinks of the observation trials as continuing into the pre 
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Fig. 2, Average response and event proportions by odd and even 25-trial blocks 
for Day 1 k 


diction portion of the experiment, the trials following the 1,000 
observation trials initiated another cycle of events. The critical 
test here was whether the subjects would continue to show the 
cyclic response proportions on blank trials. Figure 1с shows P(A) 
from the initial and final cycles of the test trials compared with the 
theoretical P(E;) curve. There was no evidence for cyclic respond- 
ing without the cyclic event sequence, not even on the earliest 
blank trials. 

However, although the wave pattern degenerated immediately 
without event feedback, the average P(4,) continued above .60 
for over 300 trials. Figure 3 shows the A; response proportions in 
25-trial blocks over the full 1,000 test trials. There appears to have 
been a general trend toward .60 over the 1,000 trials. Average 
P(A) over all trials was .624 and the average over the last 250 
trials was exactly .60. Thus, continued feedback does not appear 
to have been essential for long-term probability matching, тер" 
licating results found elsewhere (Reber and Millward, 1968). 


Day 3 


On Day 3, the subjects again received 1,000 observation trials | 
generated according to the wave schedule, and then they receive 
1,000 prediction trials with a constant E; event probability of 60. 
Figure 1d shows P(A,) from the initial and final cycles of the test 


EVENT TRACKING 91 


e| oe Wh од Cou 
5 
RI 
5 

o 

бв 

car “ 

€ 

5 

E 

[2] 

g 

ag 

wot 

д 

2 

6 

E 

5 

ёв 
5] 
8 
^b 5 10 » 5 


15 20 5 
BLOCKS OF 25 TRIALS 


Fig. 3. Response proportions for Days 2 and 3 


trials compared with the theoretical curve for Р(Е,). Here, as on 
Day 2, there was no evidence of cyclic responding. 

Note, however, that the presence of the events played an impor- 
tant role in controlling the subjects’ responses. The triangles in 
Figure 3 show the average P(Ai) by 25-trial blocks; it did not 
change over the full 1,000 test trials. The overall average was .65, 
and the average of the last 250 trials was .66. Hence, the presence 
of the overt event served to keep response proportions at а level 
that overshot т, while the absence of the overt event (as on Day 
2) produced a gradual shift in response proportion to a level that 
approximately matched т. 


Overall effects 


In light of the large systematic effects observed, there seems to 
be little need to test statistically the reliability of the trial-by- 
trial tracking of event probabilities. By the gross measure of the 
proportions of A; responses based on 20 blocks of 25 trials, all 
individual subjects showed some tracking. Further, any analyses 
involving all three days of the experiment would show significant 
interactions of trials and days, because of the large deviations 
from т on Day 1 but not on Days 2 and 3. Therefore, two analyses 
Were carried out on the response proportions for the odd- and even- 
numbered trial blocks separately. A highly significant difference in 
days was found for both odd blocks [F(2, 28) = 8.96, p < ОШ and 
even blocks [F(2,28) = 15.29, p < 1001]. Less reliable differences 
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were also found in trials for both odd blocks [F (19, 266) = 1.75, 
p < 05] and even blocks [F (19, 266) = 2.03, p < .01], and in the 
interaction of trials and days for odd blocks [F (38, 532) = 2.31, 
p < .001] and for even blocks [F (38, 532) = 1.44, p < .05]. The 
differences across days are easily understood: odd and even blocks 
were very different on Day 1, and very different from the overall 
average. The effect of trials was due to trends on one or more of 
the days of the experiment. A final analysis looked at only the last 
two days. Here trials were marginally significant [F (39, 546) = 
1.46, p < .05], and the interaction of days and trials was highly 
significant, indicating that prediction behavior in the presence of 
events was clearly different from prediction behavior when no events 
were presented. Thus, the decrease in Р(А;) across trials reported 
for Day 2 was a reliable one. These analyses indicated a significant 
difference between Days 1, 2, and 3 in the average response propor- 
tions. Thus, the three test-trial procedures—wave prediction, blank 
trials, and predietion of a Bernoulli event sequence— produced dif- 
ferent results. 

Figure 4 shows the recency curves from Day 1 of the experiment. 
The curves were very stable and show a change in value only for 
run lengths of one and two. Since no events were presented on the 
prediction trials of Day 2, no recency curves exist for those data. 
Day 3’s recency curves were quite flat and are typical of those 
presented elsewhere (Reber and Millward, 1968; Myers, Gambino, 
and Jones, 1967). 
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DISCUSSION 


The observation technique generally worked as expected: asymp- 
totic response proportions were realized in the initial block of test 
trials. Thus, as has been reported elsewhere (Reber and Millward, 
1968), asymptotes can be approached or achieved in a very short 
time and without requiring subjects to make overt prediction 
responses. The effectiveness of the observation trials in producing 
asymptotic response proportions raises an interesting theoretical 
problem concerning what the subject is actually learning in a proba- 
bility-learning experiment. During the observation trials, he may 
be learning at least two things about the sequence: he may be 
learning something about the overall proportions of E, and E: 
events, or he may be learning something about the wave pattern of 
the events. The nearly similar asymptotes during all three days of 
the experiment suggest that learning about the overall P(E;) was 
substantial. However, the response proportions on Day 2 indicate 
that the learning about the wave component was not very im- 
pressive. The first few points in Figure 1с show that the subjects’ 
Average response sequences quickly degenerated toward an ap- 
parently nonstructured sequence. 

However, one must be cautious in interpreting these average 
Tesults. It is possible that individual subjects may have varied 
their response probabilities but that each individual had a differ- 
ent wave length and amplitude. In such a case, the overall average 
would tend to be fairly level. This possibility is difficult to check 
out, since one would have to combine over trials to get reliable 
estimates of response proportions for individual subjects, and un- 
less one knew the wavelength of each subject's response patterns, 
any such combination might simply average out the periodicity. 
If it were possible to be sure that the subject maintained a fixed 
Wavelength for all 1,000 trials, an autocorrelation technique could 
be used. But if, before the 1,000 trials were completed, the indi- 
Vidual wave function damped out, or the wavelength varied, or 
both, the autocorrelation function would probably be too insensi- 
tive to detect periodicity. Because of these difficulties, no statisti- 
cal proof can be provided for the general observation that 
individual subjects did not show periodic response patterns. 

_ With respect to overall level of responding, the primary concern 
is the comparison between our results and those of other studies. The 
degree of overshooting of # observed on Day 1 (when the wave 
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pattern was used) was somewhat less than that observed on Day 3 
(when a Bernoulli sequence with т = # was used): P(A,) = .625 
and .649 respectively. The latter value is more in line with results 
from other experiments (Lambe, 1968; Pearlmutter, 1968). Over- 
shooting was smaller on Day 1 because the event probabilities were 
not constant over trials. Note that overshooting is defined as а 
response proportion greater than the event probability only when 
the event probability is greater than .5; when P(E) < 5 with 
respect to the same response, A,, overshooting is a response propor- 
tion less than the event probability. With the wave schedule used in 
this experiment, the event proportion was above .5 on only five- 
eighths of the trials. From previous research, the expected amount 
of overshooting is about .05; so with the wave schedule the expected 
amount of overshooting should be about .03. The value observed 
was .025. 

The stability of the overshooting appears to have depended on 
the presence of the event sequence. When the reinfo: ng events 
were removed, during the no-event condition, P(A.) gradually 
shifted toward #, while the simple presence of a Bernoulli sequence 
with + = .60 served to keep subjects’ response proportions at аһ 
asymptote that overshot z (see Figure 3). Despite the fact that 
P(A,) = .600 for the last 250 trials on Day 2, it is possible that the 
interaction between P(A,) on Days 2 and 3 was not due to а trend 
toward # on Day 2. Instead, the trend may have been toward .5, oF 
there may have been no trend at all, simply a lower overall curve- 
An attempt to fit the curve by least squares with the equation 
P, = P. — (P. — Р,)(1 — 6)" produced P, = .71, P. = 025, 
and 6 2> 1.0. Thus, from this analysis there is some ambiguity about 
the assertion that the Day 2 curve was decreasing toward 7 al- 
though it is fairly clear that it was not heading toward .5. 

_ The predictions that Estes (1957b) derived from statistical learn- 
ing theory for varying event sequences, such as the wave schedule 
used here, cannot account for the data. In the present case, the 
learning curve derived from statistical learning theory has the form 


PA =2 4 S М) — È + [Pa — + sla s S 
1 < n = 13 ’ 


P(A,.) = т — S(n — 13) + $ EE [а,ә AS за -- dd 
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14 <n < 38, [2] 
P(A...) = 7 + Sin — 38) — $ + KE -è+ HT -u«y 


39 <n < 50. 


The parameters S and # were defined in Equation 1 and depend on 
the reinforcing-event schedule. The single parameter to be estimated 
is the learning parameter, 0. Equation 2 repeats every 50 trials; 
that is, after the first 50 trials, P(A, з) replaces P(A.) in the first 
of the three expressions. Because of the way the event schedule was 
erated, namely, with P(Es) = P(Es:) = #, the value of P(4,,) 
st be determined from P(A,,s0) by the equation 


Р(А\ ы) = (1 — ®Р(А, в) + 0F . [3] 


"It can be shown that if these equations are averaged for the first. 
trials (odd blocks) and then for the second 25 trials (even blocks), 
averages approach constants as n approaches e. This particular 
diction relates to the observation made about Figure 2: that the 
nse proportions approach constants except for fluctuation due 
the event variations. The expected averages could be used to 
ate the learning parameter if it were not for the fact that 
ershooting was observed. The average of the predicted odd and 
blocks must be # according to Equation 2; if it is not, the 
ation cannot be used to estimate 0. PE 
However, there is a more serious discrepancy between statistical 
ming theory and the data than overshooting. The discrepancy 18 
t at asymptote the peak of the response proportions occurs at 
@ peak of the event proportions. It can be shown that the response 
portion should theoretically peak at the trial on which the curve 
Tesponse proportion crosses that of event proportions. A large 
irning rate (6) increases the amplitude of the theoretical response- 
rtion function, causing it to cross the event function at an 
er trial. However, the only way to have the two curves peak 
her would be to set 0 at 1.0, in which case the curves would 
. Ave the same amplitude. к 

- In order for a theory to predict simultaneous peaking of the event 
quence and the response proportion, it must contain some opera- 
that averages or integrates over past trials. A theoretical pos- 
lity that has recently adequately described some probability- 
ming data is the weighted-average model (Friedman, Carterette, 
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and Anderson, 1968). The basic assumption of the model is that the 
subject’s response proportion on Trial n, p,, is a function of the 
averaged weights associated with past trials. The subject is viewed 
as an information integrater, and the events as information, not 
reinforcers. 

Let e, be a random variable equal to 1 with P(E,,,) and equal to 
0 with Р(Е,.„). Then, 


k 
P, = Wolo + SB Wln-i › (4) 

i=l 
where the w; values represent weights associated with past events 
and ¥, — o” ш = 1.0. Application of the model for k = 1, 2, and 3 
led to nearly equally good fits. In all cases, the estimation technique 
was by a hill-climbing procedure using a simple least-squares 
minimization on the average 50-trial wave function illustrated in 
Figure lb. For all three k values, l = .656 and wo = 412. For 
k = 2,w, = 318, and ш» = 210, while for k = 3, v1 = 459, w2 
= 055, and шз = .085. The three parameters 0-03 were fairly 
unstable in that various values gave nearly identically good fits. 
In most cases, however, the values were near those listed above. 
Instability of these parameters is not unreasonable, considering 
that they simply weight the probabilities of events on Trials п—1, 
n—2, and n—3, which are very similar in value. The low values 
of ws and ws illustrate the relatively weak influence of events more 
than two trials back. Figure 5 presents the tracking performance as 
predicted by the k = 2 case. The fit is essentially perfect. The con- 
clusion that subjects were anticipating the shifting wave form is 
not necessary with the information-averaging interpretation pro- 

vided by the model of Friedman et al. 

Other aspects of the averaging model are important here. One 
is that the model does not predict recency curves that increase 
monotonically to 1.0 but, rather, recency curves for Ёз runs that 
have an asymptote at wolo and recency curves for E, runs that have 
an asymptote at 1 — wo(1 — l). The predictions using the above 
parameters for k = 2 are .270 and .858, which are both too large 
(see Figure 4) but at least reasonably close compared to the .0 and 
1.0 predictions of statistical learning theory. Also, note the fact 
that 1, seems to reflect the asymptotic response proportion. Finally, 
if an odd block of 25 trials has, on the average, Ei events with 
probability .8 and an even block has E; events with probability 
A, then the predictions for these blocks are .740 and .505, These 
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TRIALS 
Fig. 5. Response proportions as predicted by statistical learning theory (SLT) 
and by the averaging model 


values agree nicely with the .739 and .516 levels of response pro- 
portions presented in Figure 2. j 

However, there are serious questions raised by the averaging 
model. First, although the model has a large advantage over many 
other models in that it has two or three parameters, it probably 
gains its power of prediction by incorporating the psychological 
fact that past events play an important role in determining re- 
sponse probability. It is important to note that the model treats 
these events as components of information rather than discrete re- 
inforcers, which may be an important innovation in theorizing и, 
probability learning. Another question concerns the еш 0 
weights, w,. If the averaging model does not specify the mec a- 
nism for altering the weights, then the successful predictions re- 
ported here are little more than curve fitting. If weights change 
systematically with the event schedule, then psychological e: 
requires a rule or a mechanism by which the weights are relate 
to the event sequence. AE 

At this poti we feel, no adequate theory of probability learn- 
ing yet exists. Conditioning theories, such as statistical biu 
theory, are in error in so many respects that the [ow А Н 
simple correcting axiom seems unlikely. None of the hypothe is 
models has reached a state of development that allows re ү jd 
quate evaluation—they say very little about most of К m 
nown quantitatively about probability learning. ian Ea 
throughout the literature are ad hoc models that p id 
Specific results fairly well, but none has the necessary brea 
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account for the wealth of data now available. Our purpose here, 
as in other studies (Reber and Millward, 1968; Millward and 
Reber, 1968, in preparation), is not to credit or discredit any of 
the extant theories but rather to try to broaden the focus with 
which probability learning is perceived, in the hope of a restruc- 
turing to provide a more universal account of the phenomenon. 


Notes 


This research was supported in part by Grant MH-11255 from the National 
Institutes of Mental Health to Richard B. Millward and by Grant APA-240 
from the National Research Council of Canada to Arthur S. Reber, who is 
now at Brooklyn College, City University of New York, Brooklyn, New York 
11210. Received for publication May 20, 1970. 

1. The computer program for generating the event sequences was written 
by Thomas Wickens. Partial support for computing was received from Grant 
GP-4825 from the National Science Foundation to the Brown University Com- 
puting Center. 
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PROBLEM SHIFTS AND HYPOTHESIS BEHAVIOR 
IN CONCEPT IDENTIFICATION 


James R. Erickson 
Ohio State University 


When college-age subjects were given thorough instructions stressing the 
nature of the solution of the problems and pointing out stimulus dimensions, 
a reversal shift was more difficult than an extradimensional shift, or there 
was no difference between them. When subjects were given brief instructions 
that they were to learn which stimuli fell into each of two categories, the 
reversal shift was easier. A hypothesis-sampling model accounts for the first 
set of data; Kendler and Kendler’s mediational theory of concept learning 
accounts for the second. 


A very common finding in the literature on concept shifts is that 
college students in two-choice tasks find a reversal shift easier to 
learn than an extradimensional shift (for a review, see Wolff, 
1967). Occasionally, however, no difference between a reversal 
and an extradimensional shift has been found in situations where 
subjects receive more thorough instructions than usual about the 
dimensions along which the stimuli vary or about the nature of 
the solution of the problems (Johnson, 1966; Johnson, Fishkin, 
and Bourne, 1966; Schvaneveldt and Kroll, 1968). 

The studies showing a reversal shift to be easier than an extra- 
dimensional shift have been widely quoted and have received à 
great deal of theoretical attention, usually in support of medi- 
ational theories of concept learning (Kendler and Kendler, 1962, 
1968). Although hypothesis-sampling theories of concept learning 
have not dealt with these data in any detail, the no-memory 
models of Bower and Trabasso (1964) and of Restle (1962) р! 
diet no difference between the shift types, while some models 
assuming short-term memory of previous stimuli or of hypotheses 
tested predict that a reversal shift should be more difficult than 
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an extradimensional shift, rather than the reverse (Erickson, 1968; 
Levine, 1969; Trabasso and Bower, 1966). 

In a recent study testing various assumptions about hypothesis 
sampling in concept identification, Erickson, Block, and Rulon 
(1970) found that a reversal shift was more difficult than an 
extradimensional shift. However, there were possible artifacts in 
that study which might have influenced the results. This paper 
presents the results of five studies undertaken in an attempt to 
determine the conditions under which a reversal shift is more 
difficult than an extradimensional shift for college-age subjects. 


EXPERIMENT I 


The major purpose of Experiment I was to replicate and extend 
the results of Erickson et al. (1970) and to further examine 
hypothesis-sampling behavior in concept-identification problems. 


Method 


-Subjects-The subjects were 128 students from the introductory-psychology 
Subject pool. An additional 31 subjects were run but replaced when they 
failed to learn one of their problems within the time period (60 min) or 
because of apparatus failure. 


-Apparatus and materials-The stimuli were square figures varying along four 
binary dimensions: single or double, solid or broken border, a line inside 
which was either horizontal or vertical, in either the upper or lower half of 
the square. The stimuli were rear-projected onto a screen at the front of the 
subject’s booth. The subjects sat at a table with a small response box contain- 
ing two buttons and two feedback lights, labeled A and B. They. wore ear- 
Phones into which low-level white noise was projected to mask distracting 
noise from the projector, timer, relays, and so forth. 


-Design-The subjects were randomly assigned to the eight conditions formed 
by crossing two types of shift (reversal and extradimensional) with four n. 
Shift eriterion levels (2, 4, 6, or 10 consecutive three-trial blocks on whic 

the correct hypothesis was used). There were 16 subjects per condition. The 
Preshift problem was chosen randomly for each subject, with the restriction 
that each of the eight possible solutions be used twice within each condition. 
For the reversal-shift subjects, the shift problem was a reversal of the pre- 
shift problem; for the extradimensional-shift subjects, the shift problem was 
randomly chosen from one of the two dissimilar dimensions with the restric- 
tion that each dimension be used an approximately equal number of Е 
or example, if the relevant dimension for the preshift problem was one 0 

the border dimensions, the extradimensional shift was to one of the interior 
imensions, The dimension was chosen randomly ahead of time, but the par- 
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ticular response assignment within the dimension was chosen at the time of 
the shift so that all subjects received ‘error’ feedback on the first shift trial. 
The shift-problem criterion was six consecutive three-trial blocks on which 
the correct hypothesis was used. 

~Procedure-Each subject was given detailed instructions about the nature of 
the solution of the problems, instructions stressing that the experimenter would 
classify each stimulus A or B according to the value of one of the dimensions. 
The subjects then solved two practice problems involving two binary dimen- 
sions; before solving each problem the subjects were shown examples of the 
stimuli to be used and the various dimensions were pointed out. For the final 
problem a partial-feedback, hypothesis-monitoring technique was used (Erick- 
son, 1968). The subjects were told that they would not receive feedback on 
every trial and that when no feedback was given they were to continue 
responding as if they had been correct. 

With four binary dimensions 16 stimuli are possible. Six sets of 15 of these 
stimuli were formed; each set was divided into five three-trial blocks, such 
that each block permitted the inference of a hypothesis. Orderings of the six 
sets were counterbalanced across subjects within conditions as much as pos 
sible. Feedback was given every third trial. After the preshift problem was 
solved to the appropriate criterion, the subject was shifted without warning 
to his shift problem. On trials when feedback was given, it was given 2 sec 
after the response and remained on for 2 sec, after which both the feedback 
light and slide went off. Then 10 sec later the next slide came on. When no 
feedback was given, the slide went off 4 sec after the response, followed 
by the 10-sec intertrial interval. 


Results 


The major results of Experiment I are shown in Figure 1, which 
shows the number of three-trial blocks to the start of the criterion 
run for the various groups in the experiment. It is clear that the 
reversal-shift and extradimensional-shift groups were equivalent 
on the preshift task but that the reversal-shift groups found the 
shift task more difficult. 

For the preshift problem, only the effect of preshift criterion 
was significant [F (3,120) = 2.77, р < .05]. As the criterion be- 
came more stringent, subjects took longer to reach it. The reason 
for this is probably the fairly high win-shift probability repo 
below; subjects with higher criterion levels sometimes shifted ахау 
from the solution hypotheses during part of what would have been 
the criterion run, then returned to it immediately. This could be 
because of what Levine has called an ‘oops’ error, when the subjec 
accidentally makes a wrong response. Because the criterion used in 
this study required a series of successive correct hypotheses, 87' 
any 'oops' error would be indieated as a change in hypotheses, the 
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Fig. 1. Number of three-trial blocks (feedback trials) to criterion as а func- 
tion of preshift criterion and shift type (extradimensional, EDS; reversal, RS) 
for preshift and shift problems 


occurrence of these errors would have a larger effect on groups with 
а longer criterion. 

Analysis of the shift-problem data showed that the effect of 
shift type was highly significant [F(1,120) = 2094, р < .001]. 
The effect, of preshift criterion and the interaction of criterion and 
shift type were not significant [(F(3, 120) = .73 and 46 respec- 
tively]. | 

Some summary hypothesis-sampling statistics аге presented in 
Table 12 The win-shift probability (the probability of changing 
hypotheses after a ‘correct’ feedback) was rather high. Compara- 
ble probabilities were found by Erickson et al. (1970), but other 
Studies have reported much lower ones. н 

The p(lose-stay), the probability of keeping the same hypothesis 
after receiving an ‘error’ feedback, was fairly low, about the level 
reported in other studies. The p(local consistency), the probability 
that a new hypothesis is chosen which is consistent with the in- 
formation on the previous feedback trial, was also about the level 
Teported previously. Several models have been presented which 
Postulate local consistency; the reported empirical p(local con- 
ney) indicates that the models cannot be correct as formu- 
ated. 


_ The p (reversal hypothesis), the probability that a new hypothe- 
sis is the reversal of the prior one, was quite low, below chance. Of 
the hypothesis reversals that did occur, many of them came on the 
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Table 1. Summary of hypothesis-sampling statistics, Experiment I 
— —P MM e 


Shift type Preshift problem Shift problem 


p (win-shift) RS .366 .299 
EDS .430 .314 
p (lose-stay) RS .058 .070 
EDS .039 ‚142 
р (local consistency) RS .872 .824 
EDS .835 .874 
p (reversal hypothesis) RS .120 .099 
chance = 1/7 = .143 EDS .095 .042 
p (similar-EDS hypothesis) RS .319 .379 
chance — 2/7 — .286 EDS .403 .393 

p (dissimilar-EDS 
hypothesis) RS .561 .522 
chance = 4/7 = .571 EDS .502 . 565 


EE ڪڪ‎ 


Note: RS is reversal shift, EDS is extradimensional shift. 


first hypothesis shift. After that they were fairly rare. New hypoth- 
eses tended to be on different dimensions than the prior ones. This 
is apparently the main reason a reversal shift was more difficult 
than an extradimensional shift (EDS). 

The p(similar-EDS hypothesis) is the probability that a new 
hypothesis is chosen on the similar dimension (e.g., a shift from 
one border dimension to the other). This probability is of interest 
because of Nelson’s results (1969) showing that an extradimen- 
sional shift to a dissimilar dimension was easier than one to а 
similar dimension. Since all extradimensional shifts in the present 
study were to a dissimilar dimension, this result could not be 
directly verified here. However, it should be noted that р (similar 
EDS hypothesis) was greater than chance in all cases. This would 
not be predicted from Nelson’s results. The p(dissimilar-EDS hy- 
pothesis) was close to chance in all cases. 


EXPERIMENTS II-IV 


The data from Experiment I fully replicate the findings of Erick- 
son et al. (1970). They show that a reversal shift is sometimes more 
difficult than an extradimensional for college-age subjects and that 
the relative difficulty does not seem to be a function of preshift cri" 
terion. The next three experiments provide further replication of the 
results. 

Experiment II was a partial replication of Experiment I, except 
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that the subjects were given feedback on the correct classification 
of the stimulus on every trial, the procedure normally used in 
concept-learning experiments. It seemed possible that the partial- 
feedback technique, per se, might have influenced the results. 

In Experiments I and II, the stimuli varied along four binary 
dimensions. Since most of the earlier studies that found a reversal 
shift easier than an extradimensional shift had used stimuli vary- 
ing along only two binary dimensions, Experiments III and IV then 
used two-dimensional stimuli. In Experiment III, the subjects first 
solved a practice problem; in Experiment IV no practice problem 
was used. 


Method 


-Subjeets-The subjects in the three studies were students from the introduc- 
tory-psychology subject pool. There were 100 subjects in Experiment II, 48 
in Experiment III, and 40 in Experiment IV. Twelve additional subjects were 
run but replaced because they did not solve one of their problems or be- 
cause of apparatus failure. 


~Apparatus and materials-The apparatus was the same as in Experiment І. 
The stimuli for Experiment П were the same as in Experiment I, while the 
stimuli for Experiments III and IV used two of the same dimensions: solid 
or broken border, and the inside line in either the upper or the lower half of 
the square. 


-Design and procedure-In Experiment II, 25 subjects were randomly assigned 
to each of the four conditions formed by crossing shift type (reversal or 
extradimensional) with preshift criterion (6 or 10 consecutive correct re- 
sponses). In Experiments III and IV, the subjects were randomly assigned 
to either a reversal-shift group or an extradimensional-shift group, with equal 
numbers in each. The preshift criterion in the latter two studies was 10 con- 
Secutive correct responses; this was the postshift criterion in all three studies, 
Details of timing conditions and of counterbalancing of preshift solution and 
Shift solution were the same in all three studies as in Experiment E 

The general procedure was the same as in Experiment I, except for the 
practice problems. All subjects received thorough instructions as to type of 
solution and the dimensions involved in all problems. In Experiment II the 
subjects solved two two-dimensional practice problems before their main 
problem. In Experiment III they solved a four-dimensional practice problem 
before solving their main problem; and in Experiment IV no practice prob- 
lem was used. 


Results 


-Experiment II-There were no significant effects due to the pre- 
Shift eriterion (all F ratios « 1.0), so only the effects of shift 
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type are presented, averaged across preshift criterion. On both the 
preshift problem and the shift problem, the reversal-shift groups 
made more errors before reaching criterion. The mean errors on 
the preshift problem were 3.00 for the reversal-shift subjects and 
2.02 for the extradimensional-shift subjects [F(1,96) = 4.59, 
p < .05]. The mean errors on the shift problem were 5.14 and 3.50 
for the reversal-shift and extradimensional-shift subjects respec- 
tively [F (1,96) = 3.22, p < .07]. Although the results are some- 
what ambiguous because of the preshift-problem difference, they 


are in the same direction as those of Experiment I and of Erickson 
et al. (1970). 


-Experiment III-There were no significant differences between 
reversal-shift and extradimensional-shift groups on any measure. 
The mean numbers of errors for the reversal-shift group on the 
practice, preshift, and shift problems were 5.96, 1.13 and 2.04 
respectively, while for the extradimensional-shift group the cor- 
responding means were 5.58, .92, and 1.71 (all t values < 1.0). 
While the reversal shift was numerically slightly more difficult 


than the extradimensional shift, the difference was clearly small 
and unimportant. 


-Experiment IV-The mean number of errors for the preshift prob- 
lem was 1.10 for both reversal-shift and extradimensional-shift 
groups. The mean number of errors on the shift problem was 2.80 
for the reversal-shift group, and 1.60 for the extradimensional 
shift group [£(38) = 3.33, p < 01]. 

In Experiment IV, where no practice problem was used, the 
reversal shift was again more difficult than the extradimensional 
shift, while in Experiment III, where a practice problem was used, 
there was no difference between the two shift types. A supplementary 
analysis of variance indicated that the interaction between experi- 
ments and shift type was significant [F(1,84) = 4.62, р < .05]- 
While the reason for the different results in the two studies is not 
clear, it has been demonstrated that the relative difficulty of re- 
versal and extradimensional shifts was not due to the complexity 
of the stimuli used or to the partial-feedback technique. 


EXPERIMENT V 


Experiments I-IV all used thorough instructions, pointing out 
explicitly the dimensions along which the stimuli would vary an 
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stressing that the experimenter would choose one of the dimensions 
and label each stimulus A or B according to the value of that 
dimension. As was noted in the introduction, the previous studies 
that found no difference between a reversal and an extradimen- 
sional shift also used thorough instructions—although it should 
be noted that none of them found a reversal shift to be more 
difficult than an extradimensional shift. The studies that found a 
reversal shift to be relatively easy have, for the most part, used 
rather sketchy instructions, telling the subject only that the experi- 
menter would label the stimuli A or B (or some other binary 
classification) and that it was the subject’s task to determine how 
the stimuli were labeled. 

In Experiment V, the effect of thorough versus brief instruc- 
tions was examined explicitly, with half of the subjects receiving 
each type followed by either a reversal-shift or an extradimen- 
sional-shift problem. The general design was similar to that used 
by Johnson et al. (1966), with stimuli varying along two binary 
dimensions and no practice problem. 


Method 


-Subjects-The subjects were 80 students in the introductory-psychology sub- 
ject pool. Seven additional subjects were run but did not solve one of their 
problems. 

-Apparatus and materialsThese were the same as in Experiments III and IV. 
-Design and procedure-The subjects were randomly assigned in equal num- 
bers to the four groups formed by crossing instruction type (thorough or 
brief) and shift type (reversal or extradimensional). The subjects receiving 
thorough instructions received the same instructions that were used in Ex- 
periments I-IV. Those receiving brief instructions were told only that the 
stimuli would be systematically labeled A or B and that their task was to 
determine which figures were labeled A and which B. No practice problems 
Were used. Details of counterbalancing and timing conditions were the same 
as in the earlier studies. 


Results 


The results of Experiment V are given in Table 2, which shows 
the mean number of errors to solution in the various conditions. 
Analysis of the preshift-problem data showed that neither of the 
main effects nor their interaction was significant. In the analysis z 
the shift-problem data, neither the main effect of shift type nor that 
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of instructions was significant [F(1, 76) = .41 and 2.55 respec- 
tively]. The interaction of shift type and instructions, however, was 
highly significant [F (1,76) = 8.73, p < .01]. The meaning of the 
interaction is clear and unmistakable; it is the classic ‘crossover’ 
interaction. The subjects who received thorough instructions found 
the reversal shift more difficult than the extradimensional shift, 
while the subjects who received the brief instructions found the re- 
versal shift easier than the extradimensional shift. 


Table 2. Mean number of errors on preshift and shift problems as a function of 
instructions and type of shift, Experiment V 


ate ÓPÓOÁÁM — uÀ—-0—À 


Type of instructions Shift type Preshift problem Shift problem 
'Thorough RS 1.75 4.05 
EDS 2.35 2.60 
Brief RS 1.85 1.20 
EDS 1.20 3.45 


Note: RS is reversal shift, EDS is extradimensional shift. 


The effect of the thoroughness of the instructions verifies the 
generalization drawn from our review of the literature. When 
subjects are given brief instructions telling them only that the 
stimuli must be classified somehow into two groups, à reversal 
shift is easier than an extradimensional shift; when they are told 
the type of rule to be used and the dimensions along which the 
stimuli will vary, the reversal shift is sometimes more difficult 
than the extradimensional shift, and sometimes there is no dif- 
ference, presumably depending on the care taken to ensure that 
the instructions are understood. 


DISCUSSION 


It is apparent that the process by which subjects solve concept- 
identification problems differs as a function of instructions. For 
thoroughly instructed subjects, the process seems very much like 
that inferred from studies of hypothesis sampling. Those models 
assume that the subject solves concept-identification problems by 
sampling hypotheses from a pool of possible solutions to the prob- 
lem, using whatever prior information he can remember when 
choosing new hypotheses—using a combination of prior hypotheses 
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tried-but-rejected and prior stimulus information, especially from 
the immediately preceding feedback trial. The present data show 
that when the subject chooses a new dimension (or dimensions) 
to test, it is different from the one his last hypothesis was based 
on and that usually, but not always, the new hypothesis is con- 
sistent with information from the previous trial. 

This type of model—assuming that subjects choose new hypoth- 
eses based on a different dimension than the old hypothesis, and 
assuming that they remember and do not resample previously 
rejected hypotheses for a period of time—predicts that a reversal 
shift should be more difficult than an extradimensional shift, 
the result found in Experiments I, II, IV, and, when thorough 
instructions were given, in Experiment V. Since these models were 
developed primarily to account for hypothesis-sampling behavior 
in simple concept-identification experiments, it is of some interest 
that they can also account for behavior in problem-shift experi- 
ments (when subjects are thoroughly familiar with the demands of 
the situation). 

When subjects are given brief instructions telling them only 
that they have to learn to sort stimuli into two classes, they almost 
certainly do not sample hypotheses in the above manner. Their 
task, in fact, is one of complete learning (Haygood and Bourne, 
1965), rather than of attribute learning or concept identification, 
in that they have to learn the conceptual rule in addition to learn- 
ing the relevant dimension. It would not be expected that the same 
model would describe hypothesis sampling for both complete-learn- 
ing and the concept-identification tasks, Furthermore, it may not be 
the case that the subjects solve a complete-learning task by sam- 
pling hypotheses at all. In addition, it seems likely that subjects 
sometimes solve their preshift problems under brief instructions 
without having full knowledge as to all the dimensions along which 
the stimuli vary—that they solve the problems having learned 
mainly the relevant dimension. This could be another factor caus- 
ing a reversal shift to be easier than an extradimensional shift 
for briefly instructed subjects. Data on this point would be quite 
valuable but have not yet been reported. 

The processes of attention and/or mediation discussed by the 
Kendlers (1962, 1968) and others are able to account for behavior un- 
der brief instructions, but not under thorough instructions. Whether 
or not mediational theory can be revised to account for these data 
remains to be seen. At the present time there seem to be three levels 
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of behavior possible: a single-stage level, a two-stage mediation 
level, and a hypothesis-sampling level, with only the mediational 
level producing faster shifts under reversal-shift conditions than 
under extradimensional-shift conditions. It would be valuable to 
know whether the ability to perform at the hypothesis-testing level 
is a function of developmental stage or is solely a function of the 
ability of the experimenter to communicate the demands of the 
problem to the subject. 


Notes 


This research was carried out at the Human Performance Center and was 
supported in part by Grant MN-12113-03 from the National Institutes of 
Health, Portions of the data were presented in a paper at the meetings of the 
Psychonomic Society in Saint Louis, Missouri, 1968. The author is indebted 
to Jean Butler, who was responsible for data collection and portions of the 
analyses. 

1. Strictly speaking, the prediction is no difference following the first error 
after the shift has occurred. 

2. Previous studies in which these statistics have been reported include 
Erickson (1968), Erickson and Block (1969), Erickson et al. (1970), and 
Levine (1969). 
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UNIT-SEQUENCE INTERFERENCE AND 
SHORT-TERM RECALL 


Thomas W. Turnage and Jenny I. Steinmetz 
University of Maryland 


Two experiments were performed to evaluate unit-sequence interference in 
short-term serial recall. Both experiments replicated the previous finding of 
a curvilinear relationship between item frequency and recall, a relationship 
predicted by interference theory. However, since the data showed little direct 
evidence for associative disruption of serial order, an alternative interpretation 
that does not stress concepts of associative chaining was considered. 


The hypothesis of unit-sequence interference (Underwood and 
Postman, 1960) predicts that disruption of serial recall should 
increase with the linguistic frequency of the verbal units in- 
volved. This disruption is assumed to involve preexperimental 
associations (A-B) that interfere with experimentally required 
ones (A-C). Unfortunately, clear-cut empirical evidence on this 
aspect of interference theory has not been particularly impressive 
(Slamecka, 1966; Underwood and Ekstrand, 1966), partly bee 
cause the test situations often involve both interference and facili- 
tation from A-B sources (see Postman, 1967). However, there are 
experimental situations involving short-term recall in which fre- 
quency of verbal items and serial recall seem related in a curvi- 
linear fashion as might be expected from interference theory 
(Turnage and McCullough, 1968). Therefore, the focus of the 
present two studies was on the role of unit-sequence interference 
in such short-term recall situations, since its effects seem clearly 
emphasized there. 


EXPERIMENT I 


Two major questions were asked here. First, would a free-ass0- 
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ciation task involving stimuli that were to be recalled serially 
increase unit-sequence interference? Second, would familiarization 
training with these stimuli reduce unit-sequence interference? Pre- 
sumably, the association task would ‘prime’ the pool of A-B as- 
sociates, thereby increasing the opportunity for A-B, A-C com- 
petition; while familiarization training might provide an early 
opportunity for discriminating between A-B and A-C competitors, 
thereby reducing interference during serial recall. Both tasks were 
expected to attenuate letter-sequence interference. Such interfer- 
ence is reflected in lack of item availability and in spelling errors, 
and varies inversely with item frequency (Underwood and Post- 
man, 1960). 


Method 


-Materials-Four sets of 20 two-syllable items were used to prepare the serial- 
recall lists, The median G-count values (Thorndike and Lorge, 1944) for these 
sets were 0, 24, 40, and 125. (All A values in the G count were assumed to equal 
75, while AA values were assumed to equal 125.) These sets were selected from 
a pool of items described by Turnage and McCullough (1968). The items in 
the 0-frequency set were paralogs, and the remaining items were nouns. Items 
within a set were low in interitem associative strength (IAS). That is, they 
did not tend to call each other out as associatives, according to norms. 

Two serial lists of 12 items each were constructed for each set of items, 
giving a total of eight different serial lists. At each frequency level, these 
lists had 4 items in common. A random serial order was assigned to each 
list, and this order was designated to be the order in which the lists were 
presented for recall. 


-Design and procedure-The experimental lists were presented by a slide 
projector placed behind a viewing screen. For the recall task, each item was 
presented at a 1-sec rate. The subjects were instructed that their task was 
to remember the items being presented, in & backward order. That is, they 
Were to write down the last item in the list first, the next to the last item 
second, and so on (backward recall, unpaced). 

For one-third of the subjects, the recall task was their only task (control 
groups). For another third of the subjects, the recall task was preceded by 
а free-association task involving the items to be in the recall task (associa- 
tion groups). In this free-association task, each item was presented at a 30-sec 
rate. Although only 30 sec were allowed for associating to each item, the 
instructions and procedure were quite similar to Noble’s (1952). The order 
of stimulus presentation on the free-association task was identical to that 
for the recall task, which followed immediately. NE | 

Тһе remaining subjects received four familiarization trials involving four 
random orders of the list of items that they were to recall subsequently 
(familiarization groups). In this condition, the subjects were told to watch 
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the screen but not to write down any of the items, which they would recall 
later. Items were presented at a 1-sec rate. The recall task followed immedi- 
ately. Due to a procedural error, the order of item presentation for learning 
was different from that for the last familiarization trial. However, this did not 
appear to produce a serious bias in subsequent comparisons among groups. 
-Subjects-A total of 96 subjects who were meeting the requirements of an 
introductory course was used. As they entered the laboratory, they were 
assigned in groups of 4 to each of the 24 experimental conditions: 3 condi- 
tions of prior testing X 4 frequency levels X 2 experimental lists. Assign- 
ments were made on the basis of an unsystematic, predetermined testing 
order, 


Results 


Table 1 shows the average number of pair scores as a function 
of the various experimental conditions. A pair score reflects the 
correct serial order of two items with respect to each other, re- 
gardless of preceding or subsequent errors, and in this sense is 
similar to typical measures of serial learning. The maximum pair 
score that may be obtained in a list of n items is n — 1. An item 
had to be spelled correctly in every detail to enter into a pair 
Score. 


Table 1. Mean pair score as a function of conditions of prior testing and frequency, 
Experiment I 


slot ЫЫЫ Чы оз ы м... __у — 
List frequency 


0 24 40° 125 Row means 
Association groups 1.38 1.50 2.25 1.50 1.66 
Familiarization groups 1.00 1.62 2:12 2.50 1.81 
Control groups .25 .88 1.88 1.25 1.06 
Column means .88 1.33 2.08 1.75 1.51 


pe Ыы нл OE DS 5 


Analysis of the pair scores for Table 1 showed the main effects of 
groups [F (2, 84) = 3.16] and of frequency [F (3, 84) = 4.22] to be 
significant at the .05 level. However, the Ё ratio for their interaction 
was less than unity. Both the linear [F (1, 84) = 4.80, p < .05] and 
quadratic [F (1, 84) = 6.06, p < .05] trends relating frequency and 
pair scores were reliable, according to an analysis for unequal in- 
tervals. Thus, these data replicate the curvilinear relationship, р! 
dicted from interference theory, that was previously found for pai" 
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scores in short-term recall (Turnage and McCullough, 1968), but 
they do not support the present experimental hypotheses. A Duncan 
range test for group means indicated that averaged over frequency 
levels, the association and familiarization groups differed from the 
control groups, but not from each other, at the .05 level (see Table 
1). 


EXPERIMENT II 


The experimental focus here, in contrast to Experiment I, was 
on disruption of A-B rather than A-C associates. The analysis of 
such disruptions was conceptualized in terms of the A-B, A-C 
interference paradigm. That is, changes in preexperimental asso- 
ciations (A-B) following serial learning and recall of experimental 
associations (A-C) were to be evaluated by means of an associa- 
tion task. 


Method 


-Materials-Three sets of 24 two-syllable items were used to prepare the 
serial-recall lists. These items came from the same pool as was used in Ex- 
periment I and thus were not highly associated with each other within sets, 
according to norms. The median G-count values (Thorndike and Lorge, 
1944) of the three sets were 0, 12, and 75. Two lists of 12 items each were 
constructed from each set by. arbitrarily dividing the sets in half. Random 
serial orders were assigned to each of these 6 lists. Then, these orders were 
reversed, giving a total of 12 different lists with 4 at each frequency level. 


-Design and procedure-The design involved two degrees of ‘familiarization’ 
training (one or four study trials), two recall tasks (backward or forward), 


and three 1 i high, medium, or low). The backward- 
ree levels of list frequent riment I, while the forward- 


See if prior findings might be specific to е 
30 sec were allowed for the subject to write his responses (unpaced serial 
recall), For experimental subjects, items were presen 
(in the same serial order) at a 1-sec rate before recall. х x 
Immediately after the recall test, the experimental subjects were given 
a free-association task involving the 12 recall stimuli. These subjects had 
30-sec to associate to each stimulus, as did the control subjects, who had not 
participated in the study-recall task. The controls provided a baseline against 
Which to evaluate changes in associations as & function of prior serial kou 
ing. It should be especially noted that the free-association instructions specifie 
that both B and C associates were appropriate—that items from the list (C) 
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or from off the list (B) could be given. Thus, the requirements of the task — 
could be considered analogous to those for the method of modified free recall 

(MMFR). Presentation of all experimental materials was by slide projector - 
placed behind a viewing screen. 


-Subjects-A total of 192 subjects was used for the experimental conditions, _ 
and a total of 48 subjects was used for the control conditions. All the subjects 
were meeting a requirement of an introductory course in psychology. Th 
subjects were tested in a different semester than those in Experiment I. Th 
experimental and control subjects were assigned to conditions in groups 
4 as they entered the laboratory, on the basis of a predetermined, unsystem 
order. The 4 basic lists at each frequency level were used once in all ех 
mental and control conditions. 


Results 
Ld 


-Serial recall-An analysis of variance for pair scores showed tha’ 
recall inereased reliably with list frequency [F(2, 180) — 
p < 01], with the relevant pair-score means being .53, 1.72, 
2.08. Recall also increased reliably over the four list presentati 
from a pair mean of .75 to one of 2.14 [F (1, 180) = 46.00, p < 
and as would be expected, the average pair score of 1.70 for 
forward-recall task was significantly higher than that of 1.19 fe 
the backward-recall task [F(1,180) — 6.00, p « .05]. Ho 
there was no evidence in the form of interactions to suggest 
backward- and forward-recall measures were not comparable 
other respects. 
The only other significant source of variation was the i 
action of trial and frequency [F(2,180) = 5.00, p < 01) 
interaction was based on the fact that recall for the lowe 
the highest-frequency lists following one list presentation 
means of .19, 1.09, and .97 respectively, while the correspon 
means following four list presentations were .88, 2.34, and 
This change over trials from a quadratic to linear trend is ch® 
acteristic of prior findings (Turnage and McCullough, 1968), 
the Trial 1 data replicate the curvilinear trend found in Ехре? 
ment I. We now turn to an analysis of the association data. 


-Free associations-An analysis of variance of the association dat 
involving groups (controls; backward recall, one trial; back 
recall, four trials; forward recall, one trial; and forward 
four trials) as one main effect and frequency as another $ 
that the only significant source of variation was frequ 
[F (2,225) = 53.30, р < .01]. The mean numbers of associe 
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for the high-, medium-, and low-frequency lists respectively were 
5.70, 5.20, and 3.57. Thus, there was no evidence in this analysis 
for modification of A-B associations as a function of learning 
conditions. 

Since the free-association instructions directly encouraged the 
subjects to give both B and C associates to A, their associations 
were separated into these two classes. The mean number of C 
associates for the control subjects was .01, verifying that the lists 
were low in interitem associative strength at the beginning of serial 
learning, and, as expected, the mean number of C associates in- 
creased as a function of study trials for the experimental subjects. 
However, the minute size of this increase—from а mean of .02 to 
one of .10 over the four study trials—indicated that the subjects 
did not automatically transfer C associates into the free-associa- 
tion task. This impression was reinforced by a comparison of C 
means with pair-seore means and by considering that on the 
average each subject had about 60 opportunities to give C asso- 
ciates.! 


-Commonality of associations-In order to assess disruption of 
A-B by A-C associations, the following measure of commonality 
was employed. Each group of four subjects tested at the same time 
and under the same conditions was considered a block. Then, the 
number of different primary associations given by each block of 
subjects was divided by 48, which was the maximum number of 
different primaries possible for the 12 stimuli involved. Thus, the 
maximum range of commonality scores was from 25 (all subjects 
in the same block gave the same primaries) to 1.00 (no subject 
in the same block gave the same primary). If subjects in the same 
block failed to give any associate, which occurred quite rarely 
and only for low-frequency stimuli, this was scored as the ‘same 
response. j 

Table 2 shows mean commonality score as а function of groups 
and frequency. It can be seen there that, with one exception, stabil- 
ity of primary associations increased with frequency. This seems 
inconsistent with theoretical implications of the hypothesis of 
unit-sequence interference. That is, in principle at least, the most 
dynamic flux in serial order of associative output, and hence in- 
Stability of primary associations, ought to be for high-frequency 
stimuli. 


~ An analysis of variance for the data in Table 2 showed that 
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Table 2. Mean commonality score as a function of groups and list frequency, 
Experiment II 


List frequency 


Row 
Low Medium High means 
Control group .88 -76 .16 .80 
One presentation, backward recall 
group .92 .85 .80 .86 
One presentation, forward recall 
group .97 .88 .82 .89 
Four presentations, backward recall 
group .96 .88 77 .87 
Four presentations, forward recall 
group .93 .84 ‚75 84 
Column means .93 .84 .78 .85 


up a ee 


groups [F(4,45) = 6.09, p < .01] and frequency [F (2,45) = 
49.78, p < .01] were significant sources of variance but that their 
interaction was not (F « 1.00). When Dunean's range test was 
applied to the means for groups (averaged across frequency levels), 
i& turned out that the control condition differed from all of the 
experimental conditions at the .05 level. The only other means 
which differed in this analysis were those for the forward-recall 
groups having one versus four study trials prior to recall. In 
summary, then, the commonality analysis suggested that the serial- 
recall task had generally increased the variability of primary 
associates—which might reflect competition between A-B and A- 

associations—but there was no evidence suggesting that such dis- 
ruption varied with A's frequency in the language.” 


DISCUSSION 


Both Experiments I and II replicated a prior finding (Turnage 
and McCullough, 1968) of a quadratic function relating pair scores 
in short-term recall (Trial 1) and item frequency. Since this recall 
pattern is consistent with predictions from interference theory 
(see Underwood and Postman, 1960), it was expected that unit- 
sequence interference, in particular, would be in evidence as 8? 
important factor in disrupting serial recall of higher-frequency 


items. However, the present analyses of (a) changes in the qui : 
ondi- 


ratic trend relating recall and frequency as a function of c 
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tions prior to recall (familiarization training, associative priming, 
or number of study trials) and (b) changes in the pool of asso- 
ciates to experimental stimuli as a function of learning and recall, 
indieated that associative interference was less 'powerful' than 
might be expected from theory. 


Factors affecting quadratic trends 


In Experiment I, it was expected that familiarization training 
prior to recall would ‘straighten out’ the quadratic trend relating 
frequency to recall, by reducing both letter-sequence and unit- 
sequence interference effects. The configuration of means in Table 
1 support this prediction, and such an outcome seems consistent 
with interference theory. On the other hand, the fact that serial 
recall was facilitated by a free-association task involving the re- 
call stimuli seems inconsistent with the theory. That is, if the 
inverse relationship between frequency and recall at the higher 
frequency levels involved competition between A-B and A-C asso- 
ciations, such competition should have been exaggerated by ‘prim- 
ing’ A-B associations during the free-association task. However, 
the lack of an interaction of groups and frequency, and the con- 
figuration of means in Table 1, failed to support this prediction. — 

In Experiment II, changes in serial-recall patterns over trials 
were in accord with prior experimental data and at least com- 
patible with interference theory. Yet the empirical evidence for the 
theoretical interplay between A-B and A-C associations was not 
particularly striking. That is, the form of the interaction of fre- 
quency and trials indicated that the quadratic function relating 
frequency and pair scores was ‘straightened’ over study trials, 
presumably due to the temporary inhibition or unlearning of com- 
peting A-B associations (see Underwood and Postman, 1960). Yet 
an immediate free-association test revealed few occurrences of 
A-C associations and, hence, little displacement of A-B associa- 
tions by them. Of course, relative failures to give A-C associa- 
tions could be interpreted as due to the persistent dominance of 
A-B associations, which is compatible with interference theory. 
However, such an explanation does not follow from the unlearning 
hypothesis being considered. : . 

The commonality measures (see Table 2) also raise a pertinent, 
question, That is, can the shifts in trend relating frequency and 
Pair scores over study trials (which trend presumably mirrors 
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attentuation of unit-sequence interference) be reconciled with the 
finding that increased variability of primary associations (which 
variability presumably involves A-B, A-C competition) was not 
dependent on A’s frequency? An internally consistent theoretical 
account is certainly possible, but straightforward accounts on the 
basis of strict associative terms seem difficult to provide. Be that 
as it may, if the subject did ‘unlearn’ A-B associations while learn- 
ing A-C associations, such modifications did not systematically 
vary with either A's frequency or the number of A-C study trials. 
Further, there was little evidence for automatic transfer of re- 
sponses across the association and recall tasks for either Experi- 
ment I or II. 


Response-pool integrity versus unit-sequence interference 


What did seem automatic in both experiments was the subject's 
‘habitual’ discrimination of response pools appropriate for asso- 
ciation versus recall. Although the associative mechanisms by 
which such discriminations may be accomplished are difficult to 
specify, the present data require considering ways in which they 
might obviate unit-sequence interference. Underwood has, of 
course, expressed similar concern with respect to the so-called 
selector mechanism (Underwood and Schulz, 1960), with respect 
to the ‘behavior’ of laboratory versus linguistic associations 
(Underwood and Ekstrand, 1966), and with respect to attributes 
of memory such as ‘between-test tags’ (Underwood, 1969). 

Similarly, Horton and Turnage (1970) found certain theoreti- 
cal difficulties for interference theory in explaining empirically 
observed transfer (from a serial to a paired-associate task) with- 
out considering ‘strategies’ on the part of the subjects. Of particu- 
lar relevance is their assumption that lists of serial items may be 
stored in memory in an ordered fashion without eliciting @а© 
other as a chain. In such cases, serial learning would be expecte 
neither to produce a large number of A-C associations in an 4880" 
ciation task nor to disrupt A-B associations during A-C learning 
Such an interpretation is certainly consistent with the presen 
data, especially those from Experiment II. It also permits an 
interpretation of initial disruption of serial ordering for high- 
frequency lists (Experiments I and II) as due, in part, to Hs 
subjects’ preliminary difficulty in discriminating the appropriate 
storage order for the greater multitude of high-frequency item? 
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generally available during recall (see also Turnage, 1970). In any 
ease, the combined recall and association data indicate that a gen- 
eral theory of memory must be flexible enough to deal with other 
than automatic mechanisms of associative chaining if it is to re- 
main viable (see also Underwood, 1969). 


Notes 
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to the Computer Science Center at the University of Maryland. Requests 
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tion May 4, 1970. 

1. Data from an unpublished study by Thomas A. McCullough in 1969 
showed only a single occurrence of a C associate out of more than 3,000 op- 
Portunities after up to four study trials followed by backward recall. 

2. With respect to this general analysis, it may be noted that McCullough’s 
unpublished study showed that the average disruption of primaries for high- 
frequency stimuli (a) was significantly less, following recall, for control 
(novel) stimuli than for experimental stimuli (.75 versus 81) and (b) tended 
to be less for control (no recall) than for experimental groups (77 versus 80). 
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RETROACTION, RECOVERY, AND STIMULUS 
MEANINGFULNESS IN THE A-B, A-Br PARADIGM 


Edwin Martin and Stephen T. Carey 
University of Michigan, Ann Arbor 


The role of stimulus meaningfulness in paired-associate transfer, retroaction, 
and recovery was examined. Stimulus meaningfulness did not affect per- 
formance in second-list learning or in tests for retrosction in the A-B, A-Br 
paradigm. Relative to an A-B, C-B control paradigm, however, both transfer 
and retroaction were more negative with higher stimulus mesningfulness. 
Marginal absolute recovery was observed in the A-B, A-Br paradigm over 
repeated retroaction tests. 


The experiment reported in this paper was planned and executed 
With the purpose of showing that spontaneous recovery is mue 
marked with low-meaningfulness stimuli than with high-meaning- 
fulness stimuli, as predicted by Martin (1968), and that spontaneous 
recovery is observable in the A-B, A-Br paradigm, as implicitly 
denied by Postman’s list-differentiation theory of retroactive inter- 
ference (Postman, Stark, and Fraser, 1968). In addition, we were 
intent upon further, confirming data on the role of stimulus mene 
ingfulness in transfer and retroaction, а topic on which there is a 
paucity of information. k 

We employed a somewhat different test for retroaction and re- 
covery than is ordinarily used, with an eye toward increased sen- 
sitivity. After learning trigram-digit pairs in either the A-B, A-Br 
or the A-B, C-B paradigm, the subject was administered a sequence 
of modified Brown-Peterson tests of short-term memory. The first 
‘ask stimulus (an A) was presented, followed immediately by a re- 
hearsal-preventing task that continued for either 0, 10, or 30 sec. 
Then the same stimulus was re-presented. The subject was to re- 
‘pond with the first digit that came to mind. The logic Беш this 
Procedure is that the initial, or activation, presentation of the stimu- 
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lus should mobilize whatever underlying response-emission proc- 
esses might obtain. The activation interval was varied so as to allow 
different amounts of time for these processes to produce а resolu- 
tion of their effects. 

The A-B, C-B paradigm was chosen as the proper control for the 
A-B, A-Br paradigm because they differ only in forward asso- 
ciations. The transfer factors of backward association, context 
association, response learning and availability, and such nonspecific 
effects as learning-to-learn and warm-up are identical in the two 


paradigms. 
METHOD 


-Materials-Two sets of nine CVCs (cur, DEM, GYM, LAC, NAW, PEG, RON, SAW, 
YEL; BOM, FUL, JIM, KIS, MET, TAX, VAN, WIL, ZIP) and two sets of nine CCCs 
(BON, DSK, GSP, JFN, KBH, PLS, RCK, TCH, XHF; CSF, FLN, GCZ, HMP, MBX, RBM, 
вох, TPR, XLz) were used as the high- and low-meaningfulness stimuli. Their 
mean association values were 96% and 52% respectively (Archer, 1960; Wit- 
mer, 1935). Each of these lists was paired in two different ways with the digits 
1 through 9. The resulting four paired-associate lists for each leyel of Ая 
ingfulness were assigned to the А-В, A-Br and А-В, С-В paradigms 

often in all of the permissible permutations so that the meaningfulness levels 
of the stimuli were the same in both tasks and so that over subjects each list 
was the first-task and the second-task list equally often. є i 


-Procedure-Learning in both tasks was by the aural anticipation procedure. 
All materials were recorded on magnetic tape (all stimuli were spelled) and 
presented to the subject over earphones. The prescribed response was presented 
3 sec after the stimulus, the next stimulus was presented 3 sec after the pre- 
ceding response, and the intertrial interval was 6 sec. Firgg-list learning con” 
tinued to a criterion of two perfect trials; second-list learning, to ® ing 
perfect trial. There was a new random ordering of the nine pairs on each tr 
Those subjects in the A-B, A-Br paradigm were told, prior to A-Br learning, 
that the same stimuli and responses were to be re-paired; those in the A-B, 
C-B paradigm, that the stimuli would be new, the responses old. . 

During testing, each of the nine first-list stimuli was presented once m s 
modified Brown-Peterson short-term-memory situation. After the {8 
signal “Ready,” a trigram was presented over the earphones. Three of these 
presentations were followed immediately by a soft buzzer, which in turn we 
followed by. representation of the same trigram, to which the subject w35 
instructed to emit the first digit response that came to mind. This was © 
no-delay (2 sec) test condition, utilizing three of the nine trigram stimuli 
For the other six trigrams, a bell sounded immediately after the trigram 
presentation, upon which signal the subject began work on а symbol-can- 
cellation task. Then, either 10 or 30 sec later, the buzzer sounded, the trigram | 
was re-presented, and the subject emitted a digit in response. He had 3 80 
to respond with a digit before the next “Ready” was heard. The three d 
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(2. 10, 30 sec) were distributed evenly, but unpredictably, over this sequence 
of nine testa. 

After having tested 12 subjects in each combination of stimulus«meaning- 
fulness level and paradigm, we decided to add 12 more subjects to each com- 
bination so that further tasks could be introduced. These latter 48 subjects 
were treated exactly as described above, except that additional, subsequent 
tests were also made. If the test procedure already described is called Cycle 
L then Cycles П and III were exact replications except that over all three 
cycles cach stimulus trigram was tested once at each interval. Thus for each 
combination of stimulus-meaningfulness level and paradigm, 24 subjects con- 


The latter 48 subjects, upon completion of Cyele III, were then presented 
the first-list stimuli, one item at a time at a 5-вес rate, and asked specifically 
| to respond to each with the response that went with it in first-list learning. 
This recall test was then followed by a similar test wherein the second-list 
stimuli were presented one at a time and the subject was asked to respond 
with only the second-list responses. For the A-B, A-Br condition, these two 
tests differed only in which responses were requested. 
sSubjects- The subjects were 96 undergraduates at the University of Michigan, 
Women who volunteered for paid participation. They were assigned 
experimental conditions randomly except for the restriction that at any given 
pfint in time the four groups had approximately equal numbers of subjects. 


5 
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in the A-B, C-B paradigm but was absent in the A-B, A-Br para- 

digm. Statistically, the effect of stimulus meaningfulness in first-list 

learning was only marginally significant [¢(94) = 1.75, 05 <р< 

10]. In second-list learning, it yielded F(1,92) = 5.82, p < 01, and 

: the interaction between meaningfulness and paradigm yielded F(1, 
92) = 6.75, p > .05. DA 

In the right-hand column of Table 1 are the means of individual- 

Subject transfer scores! for the four conditions. The A-B, A-Br 

Paradigm yielded negative transfer relative to the A-B, C-B para- 

| digm only when the stimuli were of high meaningfulnés. With 

| low-meaningfulness stimuli, the nominal A-B, A-Br paradigm func- 

. tionally approximated the A-B, C-B control paradigm. Analysis of 

Variance on these individual-subject transfer scores yielded F(1, 
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Table 1. Mean (und median) trials to criterion and percent transfer 


———————— 


Trials to criterion 


Stimulus Percent 
meaningfulness Paradigm List 1 List 2 transfer 
———————— As 

High C-B 8.4 4.6 42.5 
(7.8) (4.6) (44.2) 

A-Br 8.2 5.9 22.1 
(7.5) (5.8) (19.0) 

Low C-B 9.5 6.4 30.3 
(9.7) (6.2) (38.0) 
A-Br 9.2 5.9 34.3 
(9.0) (5.7) (34.5) 
ee 


92) = 7.88, p < .01, for the interaction between stimulus meaning- 
fulness and paradigm. 


Test cycles 


Shown in Figure 1 are the proportions for first-list responses 
emitted during Cycle I as a function of the length of the activation 
interval. Each point summarizes [(24 subjects) x (3 tests per 
interval)] 72 experimental events. This same pattern of results ob- 
tained in each of the three test cycles, except that the absolute 
heights of some of the functions increased over cycles. 

If the A-B, C-B paradigm is taken as a control baseline, then 
clearly there was substantially more retroactive interference in the 
A-B, A-Br paradigm when the stimuli were of high meaningfulness 
than when they were of low. Collapsed over activation interval, the 
proportions of first-list responses out of 216 possible were .41 and 
-76 for the A-Br and C-B paradigms respectively with high-mean- 
ingfulness stimuli; the corresponding proportions with low-mean- 
ingfulness stimuli were .39 and .52. These figures give a 46% 
retroaction loss with high-meaningfulness stimuli, a 25% retroaction 
loss with low-meaningfulness stimuli. An analysis of variance for 
these Cycle I results yielded: for paradigm, F(1,92) = 37.56, 
p < .001; for meaningfulness, F (1,92) = 11.35, p < .001; and for 
their interaction, F(1,92) = 7.76, p < 01. 

With regard to possible spontaneous recovery over the 10- and 
30-sec activation intervals, reference to Figure 1 shows there was ab- 
solutely none in the A-B, A-Br paradigm, to say nothing of differen- 
tial amounts for low- and high-meaningfulness stimuli. The picture 
was irregular in the A-B, C-B paradigm. For these Cycle I data, 


2438 30 
INTERVAL 


Fig. 1. Proportions of first-list responses during Cycle I as a function of 
tion interval for low-meaningfulness (L) and high-meaningfulness (Н) 
stimuli 


‘there was a main effect of interval [F(2, 184) = 204, p < 405] ; but 
interval interacted neither with paradigm [F(2, 184) = 1.26, p > 
410] nor with meaningfulness [F(2, 184) = 142, p > 05]. 

| Consider now only those 48 subjects (12 per experimental con- 
dition) who participated in all three test cycles. In Cycles II and 
HII, these subjects were retested with the stimuli presented in Cycle 
(the first-list trigrams). We disregard activation interval here, 
Since its effect in each cycle is as shown in Figure 1. Collapsed over 
Intervals, the proportions of first-list responses emitted under each 
Condition are shown in Figure 2 as a function of cycle number 
fignore the curves as they extend to abscissa T). Each point sum- 
izes [(12 subjects) x (3 intervals) X (3 tests per interval) ] 
JUS experimental events. 

The main effect of cycles was highly significant [F (2,88) = 14.92, 
P < 1001]; but the effect of cycles did not reliably interact either 
h paradigm [F (2,88) = 1.94, p > .10] or with meaningfulness 


238, 05 < p < .10], no interaction between cycles and meaning- 
ülness [F (2, 44) = .70], and clearly no effect of meaningfulness 
F(1,22) = 26]. 
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Fig. 2. Proportions of first-list responses as a function of test cycle for 
low-meaningfulness (L) and high-meaningfulness (H) stimuli 


List-specific tests 


At abscissa T in Figure 2 are shown the proportions of first-list 
responses emitted to their stimuli when the subjects were asked 
specifically for first-list responses. There are two properties of 
these data worth noting. First, for both low- and high-meaning- 
fulness stimuli in the A-B, A-Br paradigm, emission of first-list 
Tesponses increased 65% over the emission level observed in Cycle 
III. In Cyele III, the A-B, C-B paradigm was superior to the A-B, 
A-Br paradigm at the ratio of 2.0:1; in the list-specific test, the ratio 
was only 12:1. Second, in the A-B, C-B paradigm the effect of 
stimulus meaningfulness observed in Cycles I, II, and III was elim- 
inated. 


First- versus second-list responding 


All data in this section are for the A-B, A-Br paradigm only. For 
Cycles I, II, and III respectively, the proportions of responses that 
were either a correct first- or a correct second-list response were 
88, .88, and .92 with low-meaningfulness stimuli; for high-meaning- 
fulness stimuli, 82, .85, and .86. Thus correct responding remained 
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approximately constant over cycles, with a very slight overall 
superiority for low-meaningfulness stimuli (.89 versus 84). 

The proportions of first- and second-list responses to low- and 
high-meaningfulness stimuli are shown in Figure 3. Over the three 
cycles there was clearly a competitionlike trade-off between the 
responses from the two lists. With low-meaningfulness stimuli, there 
appeared an easily discernible recession of second-list responses and 
concomitant recovery of first-list responses. 


PROPORTION 
"m 3 


п ш т 
ТЕ$Т 
Fig. 3. Proportions of first-list (1) and second-list (2) мао (Н ym 
of test cycle for low-meaningfulness (L) and high ы 
in the А-В, A-Br paradigm 


At abscissa T in Figure 3 are shown the proportions of responses 
emitted on the specific-list tests. The responses from both lists 
seemed more or less equally available, with a slight superiority for 
Second-list responses. And the improvement in response emission 
on the final, list-specific test over that in Cycle ш was com- 
mensurate for the two sources of responses, List 1 and List 2. 


DISCUSSION 


On the basis of this research, the following appear to be the ef- 
fects of stimulus meaningfulness on paired-associate learning, trans- 
fer, and retroaction. (a) In first-list learning, performance ls & 
direct function of stimulus meaningfulness? (b) In кош 
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learning in an interference paradigm, performance is not related to 
stimulus meaningfulness (see also Martin, 1968). (c) Negative 
transfer in an interference paradigm relative to an appropriate con- 
trol paradigm is inversely related to stimulus meaningfulness: the 
lower the meaningfulness, the more the interference paradigm be- 
haves as the control paradigm (see also Martin, 1968). (d) In tests 
for retroaction in an interference paradigm, performance is not 
related to stimulus meaningfulness. (e) Amount of retroactive loss 
in an interference paradigm relative to an appropriate control 
paradigm is inversely related to stimulus meaningfulness: the 
lower the meaningfulness, the less the retroactive loss (see also 
Martin, 1968). 

The picture for spontaneous recovery remains a study in frustra- 
tion, at least insofar as one hopes to relate recovery to stimulus 
variables. Over the activation intervals of 10 and 30 sec in the pres- 
ent experiment, there was patently no recovery of any kind in the 
A-B, A-Br paradigm; yet there were trends that can only mean 
absolute recovery in the A-B, C-B control paradigm (see Figure 
1). These latter trends suggest that something was indeed going on 
during the interval; but whatever it was, its effects netted to zero 
for the A-B, A-Br paradigm. Upon repeated testing in the A-B, 
A-Br paradigm, there occurred marginal absolute recovery (see 
Figure 2) ; but this seeming recovery was both less than in the A-B, 
C-B paradigm and, in contrast to the A-B, C-B paradigm, un- 
responsive to stimulus meaningfulness. 

The most suggestive evidence of recovery is that shown in Figure 
3 for the A-B, A-Br paradigm. Although the total number of re- 
sponses available was approximately the same for low- and high- 
meaningfulness stimuli, in Cycle I there was for low-meaningfulness 
stimuli a clear dominance of second-list responses, a dominance 
that dissolved over cycles. In contrast, for the high-meaningfulness 
stimuli there was no particular list dominance and no change in list 
dominance over cycles. These effects seem to add up to the con- 
clusion that low-meaningfulness stimuli are functionally less stable 
in an ambiguous test situation. 

Observed performance on the list-specific tests (abscissa T in 
Figures 2 and 3) means to us that if the experimenter removes Ш" 
certainty about what he wants by way of response, the subjects can 
oblige him. In other words, even though substantial retroaction 
was observed during the test cycles, this retroaction is not trace 
able to broken or impaired stimulus-response associations. 
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We are prompted by these and other results to several tentative 
theoretic premises: 


1. Unintegrated, fractionative nominal stimuli impose on the ob- 
server-experimenter an inherent uncertainty as to which of sev- 
eral possible ways his subjects will represent those stimuli in 
recognitive memory.? This uncertainty applies both to his ob- 
servations of a single subject over re-presentations of the identical 
nominal stimulus and to those of a once-presented identical 
nominal stimulus over several or more subjects. For theoretical 
purposes, we are inclined to translate this observer-experimenter 
uncertainty into something called stimulus-encoding variability 
on the part of the subject.t From this premise follow the effects 
of numerous stimulus variables on the learning of a single 
paired-associate list. 

2. During learning, the subject stabilizes his representation of the 
nominal stimulus. This means that part of learning is stimulus 
discrimination or elaboration, to the end that reliable stimulus 
identification is possible (see, for example, Ellis and Muller, 
1964). 

3. Ina transfer task that involves identical nominal stimuli, the sub- 
ject utilizes the results of stimulus-identification learning evolved 
in original learning, as opposed to reintroduction of coding 
variability (see Goggin and Martin, 1970). From this premise 
follows the result that although a stimulus variable is highly ef- 
fective in first-list learning, it has little or no absolute effect in 
second-list learning (except as degree of first-list learning 18 
pertinent). { 4 

4. If the stabilized, functional representation of the stimulus is 
multifeatured, then in transfer learning the subject may uti- 
lize only a subset of those features as retrieval cues for the 
second-list response, retaining the others as retrieval cues for 
the first-list response. This premise is loosely sufficient for ex- 
plaining how it is that retroaction occurs in certain ambiguous 
test situations and how it is that on the specific-list tests of the 
present experiment the subjects could provide the required 
first-list responses. During the test cycles, the subject sampled 
the active features and then decided which response to emit on 
some basis of which we know very little (but see Postman, 
Stark, and Fraser, 1968; Martin and Mackay, 1970). On the 


specific-list tests, he sampled the active features and then de- 
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cided which response to emit on the basis of the experimenter 
request. 


This view involves a distinction not often made vis-á-vis the m 
sults of transfer and retroaction studies, namely, that although. 
experimental variable may affect, relative transfer and retroaetiot 
it may not affect transfer and retroaction-test performance p T ‹ 
The observation that both transfer and retroaction are less negat 
with low-meaningfulness stimuli is an observation relative to a €0 
trol condition; and it is clear in Table 1 and in Figures 1 and 2 tl 
such a conclusion is due entirely to the fact that stimulus meanin 
fulness continues to exert its effects in the control conditions 
not in the interference conditions. 

We proposed that in an interference paradigm, the subject us 
in the second task the results of the stimulus-identification learn 
carried out in the first task. Given a reasonable criterion in fi 
list learning, one might suppose that this stimulus-identificati 
learning has reached a point of stability; that is, that the function 
codings of low- and high-meaningfulness stimuli are nearly equ 
in reliability. This supposition looks good in light of the absent 
of stimulus-meaningfulness effects in transfer and retroaction | 
the A-B, A-Br paradigm (see Table 1, Figures 1 and 2). Ё 
then why should there be a stimulus-meaningfulness effect in re 
action in the A-B, C-B control paradigm (see Figures 1 and í 
And why should there appear a pattern of response dominant 
trade-off that is different for low- and high-meaningfulness sti 
in the A-B, A-Br paradigm (see Figure 3)? 
] We do not have ready answers to these questions. We pose t 
in order to express our opinion as to which of many theoret 
problems are most important. This opinion is flavored by our c 
viction that the most neglected aspect of verbal-learning theory 
investigation of stimuli as the point of origin of retrieval routes. 


Notes 


This research was supported by the Advanced Research Projects A 
Department of Defense, and monitored by the Air Force Office of Scie 
Research, under Contract No. AF-49(638)-1735 with the Human Perform 
Center, Department of Psychology, University of Michigan, Ann А! 
Received for publication August 1, 1970. 
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1. 100(7, — T/T, where T, is the number of trials to criterion om List 1 


or 2 

2. This is a standard finding; see, for example, Underwood and Sebuls (1900, 
р. 35 1.). 

3. For elaboration and discussion, see Héffding (1891), Rock (1982), and 
Martin (1968). 

4. For direct experimental evidence, see Biederman, Dumas, and Lachman 
(1968), and Butler and Merikle (in press). 

5. See Underwood and Ekstrand (1968). They attacked this problem ting 
intralist stimulus similarity, with rather unrewarding, though suggestive, 


results. 
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EFFECT OF LEVEL OF MANIFEST ANXIETY AND 
TYPE OF PRETRAINING ON TIMING BEHAVIOR 


Devendra Singh 
University of Texas at Austin 


High- and low-anxiety subjects were trained on a timing schedule of differential 
reinforcement of low rate of responding, either without pretvaining or after 
facilitatory or interfering pretraining. The low-anxiety subjects performed 
better than the high-anxiety subjects in all three conditions. 


A great many studies have shown that subjects who differ in 
level of anxiety, as measured by the Manifest Anxiety Scale (Taylor, 
1953), perform significantly differently on eyelid-conditioning and 
verbal-learning tests. There has, however, been no study invesü- 
gating the effect of level of anxiety on complex operant con 
ditioning. If it could be demonstrated that low anxiety and high 
anxiety have differential effects on operant conditioning, it would 
add generality to the Manifest Anxiety Scale as a selective device. 

To this end, high-anxiety and low-anxiety subjects were trained 
on a timing task with a schedule of differential reinforcement M 
low rate of responding (DRL). Furthermore, since animal studies 
show that performance on such a schedule is affected by the n3- 
ture of pretraining (Schmaltz and Isaacson, 1966), the role of pre- 
training was also investigated. Briefly, the experimental design 0027 
sisted of giving high- and low-anxiety subjects either interfering 
pretraining (fixed-ratio schedule, which generates a high rate d 
responding), facilitatory pretraining (fixed-interval schedule, whic 
generates a lower rate of responding with ‘scallops’), or 2° peg 
training. 
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METHOD 


-Subjects- The subjects were selected from an introductory psychology course 
on the basis of their scores on the Manifest Anxiety Scale. The students 
within the upper 25% of the score distribution were designated high-anxiety 
subjects, and those in the lower 2596 of the distribution were designated 
low-anxiety subjects. A total of 68 subjects (34 from each anxiety group) 
was selected from 300 students taking the test. All subjects were randomly 
assigned to one of the following experimental conditions: no pretraining 
(14 subjects from each group), fixed-ratio pretraining (10 subjects from each 
group), and fixed-interval pretraining (10 subjects from each group) prior to 
DRL-schedule training. The ratios and intervals were set at 15 and 15 sec. 


-Apparatus-A 20-sec DRL with a 5-sec limited hold was programmed. A mul- 
tiple-stimulus projector (Industrial Electronics) was mounted at eye level 
about 5 ft from the subject’s chair. A telegraph key, wired through pro- 
gramming devices, was mounted on the arm of the chair. If the subject 
pressed the key within the 20-25-sec interval, a plus sign was flashed on 
the projector for .3 sec; if he pressed the key earlier than 20-25 see or did 
not press within the interval, a minus sign was flashed for 3 sec. For fixed- 
ratio pretraining, a plus sign was flashed at the end of the ratio; for fixed- 
interval pretraining, all premature presses produced a minus sign. All plus 
and minus signs were superimposed on a dim green background light on the 
projector screen, The green background light on the projector screen was 
activated at the start of the experiment and remained on throughout the ex- 
perimental session. The number of correct and incorrect responses and the 
interresponse times were recorded. The experimental room was illuminated 
by a 100-w light bulb that was painted black (except 1 sq in.) and mounted 
9 ft directly above the projector. Two exhaust fans in the room produced a 
masking noise. 


-Procedure-Upon arrival, the subject was taken to the experimental room by 
a male experimenter. Instructions were recorded on a tape recorder. All the 
subjects were told that the experiment was a time-judgment task and that 
every time they guessed the right time interval (by pressing the key) a plus 
Sim would flash on the screen and two cents would be added to a bank of 
fifty cents; a wrong guess would be indicated by а minus sign and two cents 
Would be subtracted. The subjects were also told that they could use any 
strategy to figure out the time interval except counting. At the end of the 
instructions, the subjects in the no-pretraining condition were trained on the 
timing task (DRL-hold schedule) for 60 min. The other subjects were per 
mitted to obtain 25 reinforcements on either the fixed-interval or the amon 
schedule, depending on the experimental condition to which they bed . 
At the end of the pretraining, the subject was informed that hencefor! E 
new time interval would be used but that the rest of the task would remain 


the same. Then he was trained on the timing task (DRL-hold schedule) for 


Tin. Verbal reports were obtained from each subject at the end of the 


*xperimenta] session. 
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RESULTS 
Performance 


The efficiency (reinforeement/response) ratios for successive 5-min 
blocks were caleulated, for each subject, to determine progressive 
performance on the timing task. Three separate analyses of variance 
for repeated measures, one for each pretraining condition, were per- 
formed on are-sine transformed (X + 2) reinforcement/response 
ratios." Figure 1 presents the mean arc-sine reinforcement/response 


NO PRE - TRAINING FI-15 SEC. PRE- TRAINING FR-15 PRE - TRAINING 


м 
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SUCCESSIVE 5 MIN. BLOCKS 


Fig. 1. Performance on the timing task for low-anxiety (LA) and high- 
anxiety (HA) subjects in the three experimental conditions 


ratios along with significant probability level for differences (based 
on a two-tailed Ёё test) for the three experimental (pretraining) 
conditions for successive 5-min blocks. 

As Figure 1 shows, the performance of low-anxiety subjects was 
better than that of high-anxiety subjects in all three experimenta 
conditions. Under the no-pretraining condition, there were no per- 
formance differences between the anxiety groups during the first 
50 min; after that, however, the performance of the low-anxiety 
subjects became significantly better than that of the high-anxietY 
subjects. Compared to the no-pretraining condition, fixed-interva 
pretraining improved the performance of both anxiety groups; bu 
in spite of this facilitatory pretraining, high-anxiety subjects did not 
perform better than low-anxiety subjects. As a matter of fact, the 
performance of the low-anxiety groups in the fixed-interval 007" 
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dition was somewhat, though not significantly, better than that of 
the high-anxiety groups. 

The most dramatic performance differences became evident in the 
fixed-ratio condition. First, this condition produced poor perform- 
ance by both anxiety groups. For example, the terminal performance 
of both low- and high-anxiety subjects after fixed-ratio pretraining 
was significantly poorer than with no pretraining [for low-anxiety 
subjects, t = 7.89, df = 22, p < .001; for high-anxiety subjects, 
t = 10.98, df = 22, р < .001] and significantly poorer than with 
fixed-interval pretraining [for low-anxiety subjects, = 833, df = 
22, p < 01; for high-anxiety subjects, t = 6.74, df = 22, p < 01]. 
Second, the low-anxiety subjects in the fixed-ratio condition started 
out performing better than the high-anxiety subjects in the same 
condition, and they maintained significantly superior performance 
for 40 min. Thereafter, they continued to perform better than the 
high-anxiety subjects, but the differences were not significant. 


Interresponse time 


The interresponse times were recorded for the intervals 0-5, 
5-10, 15-20, and 25 (overshoot) for successive 5-min blocks for 
each subject. Again because of heterogeneity of variance, all scores 
were transformed to log scores before performing repeated mea- 
sures of variance. The results indicated significant differences be- 
tween the low- and high-anxiety subjects only for the 0-5-sec time 
interval; thus, Figure 2 presents the mean log responses under the 
0-5-sec interval along with probability levels for differences (based 
оп a two-tailed t test) for the three experimental conditions. — 

As is evident from Figure 2, under the condition of no pretraining 
both low- and high-anxiety subjects responded approximately 
equally throughout the experimental session. Though there was а 
reduction in the mean number of responses as the session pro- 
Eressed, there was no significant trend difference between the 
high- and low-anxiety subjects. Even when a facilitatory fixed- 
interval pretraining was given, both anxiety groups responded 
Night after reinforcement. Compared to high-anxiety subjects, the 
low-anxiety subjects made fewer errors, though the differences were 
hot significant. However, after fixed-ratio pretraining, both anxiety 
Soups responded right after reinforcement compared to no pre- 
training as well as to fixed-interval pretraining. After fixed-ratio 
Pretraining, the low-anxiety subjects responded significantly less 
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Fig. 2. Interresponse time in the 0-5-sec interval for low-anxiety (LA) and 
high-anxiety (HA) subjects in the three experimental conditions 


than the high-anxiety subjects for 35 min; thereafter, the differ- 
ences were not significant. Thus, it appears that the poor perform- 
ance of the high-anxiety subjects after fixed-ratio pretraining was 
due to greater responding in earlier time intervals. As training 
continued, the high-anxiety subjects suppressed premature respon- 
ses; though within the experimental session, they never performed 
better than low-anxiety subjects. 


DISCUSSION 


The main findings of the present experiment are that both level of 
anxiety and pretraining can affect performance on a timing task 
with a schedule of differential reinforcement of low rate of re- 
sponding. If anxiety has drive properties, as suggested by Spence 
(1958), it is interesting that—unlike the results of animal studies— 
the level of drive did here affect performance on the task. The 
performance of low-anxiety subjects was superior to that of high- 
anxiety subjects in all three pretraining conditions, though the per- 
formance differences became strikingly large after inhibitory pre- 
tr ашшр. One of the reasons that no significant effect of facilitatory 
pretraining was observed could be the limitation imposed by its 
fixed-interval schedule. It can be argued that this pretraining really 
produced an interfering tendency, since the time interval used in 
the timing task was different than that used in pretraining. Possibly, 
facilitatory effects of pretraining might have been observed at 8 
fixed interval of 20 sec. 

Although the complexity of the present experimental arrange 
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ment places it beyond the boundaries of the theoretical analysis of 
Taylor (1953) and Spence (1958), the superiority of low-anxiety 
subjects to high-anxiety subjects in all three conditions appears to 
contradict the theory. Nonetheless, the present findings provide 
additional support that subjects selected on the basis of widely 
different scores on the Manifest Anxiety Seale differ in their per- 
formance on complex as well as simple tasks—in the present case, a 
complex task involving timing behavior. 


Notes 


This research was conducted at North Dakota State University and was sup- 
ported by research funds of the Graduate School. The author is grateful to 
David Rehovsky and Terry Robinson for their help in condueting the ex 
periment and to Professor Abram Amsel for his critical reading of the manu- 
script. Received for publication April 28, 1970. 

1. The transformation of scores was necessary because of lack of normalities 
under all three conditions. 
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BOOK REVIEWS 


Julian Hochberg 


Columbia University 


Memory and Attention 
By Donald A. Norman. New York: Wiley, 1969. Pp. ix, 201. $8.95; paperback, 
$4.95. 


In this book an ‘information processing’ approach is adopted in which the 
human is treated as a complex system actively trying to impose organizat 0 
on its sensory input. On such a view the most important (and most interesting) 
psychological processes are selective attention, pattern recognition, memory. 
storage, and retrieval from memory. The reader is presented with а 
statement of contemporary positions on each of these topics, and the expe 
tion is frequently illuminated by excerpts from the original sources. 

The book has a distinctly modern flavor. This is perhaps due to the s 
emphasis on efforts to model psychological processes. The models discussed 
some detail range from Broadbent's filter theory of attention, through an elec 
tronic model of word association. Although the chief emphasis of this boo’ 
is clearly on current theory, Norman has shown a serious regard for historical 
antecedents. This is most clearly exemplified in the long discussion of 
ancient art of mnemonics—a topic that is all too easily sloughed off as 'g 
micky. 

The book is appropriate for a course on almost any. level, since little psy! 
logical background is assumed. It could serve as an excellent supplement 
text (especially in the paperback edition) for courses in perception, cognition 
memory, or learning. Although the book's length precludes complete cover 
Norman makes a special point of providing the reader with useful suggesti 
for further reading. 


Howard Egeth, Johns Hopkins Universit 


Models of Thinking 

By F. H. George. London: Allen & Unwin, 1970. Pp. 166. f 
This book on artificial intelligence asks how one might program ® 

computer to model human concept formation, hypothesis formation, logi 


deduction, and language in one continuous process. It selects from the © 
puter models available in the 1960s some components for a composite prog 
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sketching out the assumptions underlying such work and describing the pro- 
grams by use of flow diagrams. 

The book succeeds in its attempt to present in а clear way а selection of 
computer models of thinking as information processing, but the author him- 
self points to the weakness of the book: “Unwittingly we may present rigorous 
but oversimplified models and theories, and as a result the work will either 
be ignored as inept or rendered much less useful than one might hope” (p. 15). 
However, to readers sympathetic to the computer-model approach to thinking, 
the book may be a useful summary of much of the work done in the past 


decade. 


Herbert F. Crovitz, Durham Veterans Administration Hospital 


Thinking as a Science 


By Henry Hazlitt. Rev. ed. Los Angeles: Nash Publishing, 1909. Pp. iii, 162. 
$4.95. 


This book, originally published in 1916, is reissued with a new epilogue that 
lists the changes the author would make were he to begin afresh, and with 
minor editorial changes that tend to diminish the force of the original. Hazlitt 
wrote this book when he was 21 years old, before he succeeded to H. L. 
Mencken's editorship of the American Mercury and before his long career as 
a journalist specializing in economics. 

Hazlitt writes in the epilogue that he would prefer now to call the book 
The Art of Thinking. Indeed this would be more appropriate, for there is no 
science in it, no mention of research studies on thinking, nothing but ‘wisdom. 
It is full of merely plausible recommendations, unsupported by empirical re- 
search, on matters such as the disciplining of attention, on making one's read- 
ing efficient and energizing, and on getting one's ideas into words and down on 
paper. In his chapter on concentration he writes: “Tf the reader is one of those 
rare and fortunate beings whose thoughts run only to useful subjects, and 
Who always concentrate from pure spontaneous interest, I sincerely advise 
him not to force himself. And if such a being happens to be reading the 
present chapter I assure him he is criminally wasting his time and that he 
should [drop the book or] turn to the next chapter with all possible vs 
(p. 50). The material in brackets appeared in the 1916 edition but was — 
from the 1969 edition. It may yet be good advice for the readers of 
Journal, 

What ought one to demand of a book on the art of thinking? Perhaps an 
exploration of “how far the knowledge accumulated by modern psychology 
can be made useful for the improvement of the thought-processes of the мыла 
ing thinker.” This was the goal that Graham Wallas stated for himself in tl po 
Preface to his great book on The Art of Thought (1926). Wallas wrote wi 


а flair for high comedy, and like Hazlitt he was а mar of affairs. He used 


Hazlitt’s masterful comparison of the intellectual methods of нано oS 
and John Stuart Mill to explore “that particular ‘stroke’ which will bring = 
energy of the organism most easily and most competently to bear on 


task.” After noting that William Morris wore himself out making con 
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Marxist speeches on street corners, Wallas reported: “Bernard Shaw said to 
me, ‘Morris has come into this movement with all of his energy, but not with 
all of his intellect' " (Wallas, p. 156). 

A similar brush paints both Hazlitt and modern psychology. We have been 
lax in bringing our growing technical knowledge of thinking to bear on how 
best to go about the task of thinking for practical accomplishment or even 
for maximal enjoyment. Hazlitt writes in his epilogue that were he to begin 
again he would lean on the work of George Polya (How To Solve It, 1954), 
and he does mention the work of Graham Wallas, although the name is 
spelled “Wallace.” It seems likely that we can do better; if we do, the least 
that can be said of this reissue of Hazlitt’s book is that it reminds us that 
the job has not yet been done in a satisfactory way. 


Herbert F. Crovitz, Durham Veterans Administration Hospital 


The Origins of Intellect: Piaget's Theory 


By John L. Phillips, Jr. San Francisco: W. H. Freeman, 1969. Pp. xviii, 149. 
$2.75. 


Three Theories of Child Development 

By Henry W. Maier. 2d ed. New York: Harper & Row, 1969. Pp. 342. $8.25. 
Piaget and Knowledge 

By Hans G. Furth. Englewood Cliffs, N. J.: Prentice-Hall, 1969. Pp. 270. $7.95. 
Studies in Cognitive Development: Essays in Honor of Jean Piaget 

Edited by David Elkind and John H. Flavell. New York: Oxford University 
Press, 1969. Pp. 503. $10.00; paperback, $4.50. 


These four books represent the diversity available to the reader who desires 
an interpretation of Piaget. During the early phases of the dramatic upsurge 
of interest in Piaget’s work, there were at most one or two secondary sources 
to which the uninitiated American reader could turn for an overview and inter- 
pretation. That is no longer the case, and the reader can now critically and 
selectively choose his ‘guide to Piaget’ To this reviewer, the most basic and 
critical dimension for that choice is the extent to which the interpretation i$ 
both founded in and explicitly addresses itself to the theory of development 
that Piaget proposed. While the need for such characteristics would seem to 
go without saying, they are often found to be conspicuously absent. 

Piaget's theory of the development of cognition can be characterized at the 
most general level in terms of two related propositions. The first is the idea 
that cognition or knowing is organized in terms of a structured set of intet- 
nalized mental acts, or operations, the organization of which becomes trans- 
formed in development. The second specifies the unifying functional mecha- 
nisms by which this reorganization occurs, Generated from this theoretic 
framework have been Piaget's admittedly fascinating characterizations of chi- 
dren's thought. In the absence of a consideration of the mental operations 
producing these modes of thought, however, the products themselves are 9 
considerably less interest or import. Both Phillips’s and Maier's treatments 
of Piaget are representative of this unfortunate tendency in the numerous 
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interpretive summaries of Piaget now available: they present a descriptive 
typology of stages of childhood thought without adequately considering, in 
particular, the mental operations producing a given concept or, in general, the 
` theoretical mechanisms Piaget proposed to underlie the progression of stages. 
Phillips presents in outline style a brief definition of the major concepts in 
the Pingetian system, but he does not present the theoretical system itself 
With sufficient depth or coherence to allow an appreciation either of it or of 
‘the long sequence of stages he then proceeds to outline. 
Maier's summary of the theoretical system is longer but likewise fails to 
- give the reader a coherent picture. The six generalizations that, according to 
“Maier, summarize Piaget's concept of development (p. 102) convey а picture 
“neither of the organized structure of mental actions nor of the mechanisms 
in terms of which this structure becomes transformed. Moreover, several of 
"Maier's generalizations аге in fact notably inaccurate. Both play and language, 
he suggests, аге vehicles for adaptation; whereas Piaget has clearly specified 
play as pure assimilation and language as a symbolic medium for the exercis- 
ing of operations. Most misleading, he claims that in Piaget's views "experi- 
ence rather than maturation defines the essence of cognitive development” 
(p. 94); whereas the concept of the organism-environment interaction as the 
basic source of patterning is clearly at the heart of Piaget's theory of the 
mechanisms of development. Maier's characterization of Erikson's develop- 
mental theory and of learning theory according to Robert Sears, while not 
Notably inaccurate, suffers from the same difficulties as his characterization of 
- Piaget. The essence of the theories as theories of the nature of development 
is not communicated with sufficient coherence to make meaningful the descrip- 
tion of the various stages, sequences, or outcomes that the theories ore 
Both Phillips and Maier attempt to apply the theories they review, Phillips 
to education and Maier to psychotherapy. Because the essential elements of 
the theories as theories of development have not been well clarified, however, 
their applications remain superficial. Maier, for example, ends up suggesting 
the three theories—organismic, ic, and behavioristic—are 
Readily integrated into a more total picture of the developing organism, а 
Picture which can then be of use in clinical evaluation. But because he has 
failed first to differentiate the theories in terms of basic issues pertaining to 
the nature of development, his integration of the theories isa superficial one. 
Furth's approach is a refreshing one. He presents Piaget аз а epe i 
ing a number of philosophical questions: "What is the nature of a 
Өйде?” “How is knowledge constructed?" “What is the relation between : 
‘Subject and object of knowledge?” In considering these questions ma -— 
Solutions to them, Furth manages to convey a comprehensive and MES 
picture of Piaget's system and of the fundamental theoretical] issues it ad- 


dresses, Most. signi i resents Piaget's theory in its context 
ost significant, he skillfully p des biological and cogni- 


alogy; cognitive func- 
eral biological system of 


’s discussions of equilibration and 
“lopment and learning, the relation between 
ing, and the constructive character of symbolic re 
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nique of interspersing the exposition with brief readings from Piaget’s own 
writing is an effective one. The excerpts from Memoire et intelligence and 
Biologie et connaissance should be especially interesting to American readers, 
as these works are not yet available in English. The only fault that might be 
found with Furth’s presentation is that he to some extent does the opposite 
of what Phillips, Maier, and most writers on Piaget do: he presents a picture 
of Piaget as a theoretician reflecting on a number of theoretical questions and 
fails to give the reader an adequate sense of all of the empirical knowledge 
that Piaget’s investigations have produced. What the reader loses is not just 
the rich and fascinating description of Piaget’s stages of childhood thought. 
More important, he gains no sense of the delicate interplay between empirical 
finding and theoretical construction that has characterized Piaget’s work nor, 
more generally, of the contributions that empirical science and epistemology 
can and must make to each other, a matter which Piaget himself has stressed. 

Elkind and Flavell's collection of essays may mark the advent of what 
promises to be a new stage in American psychologists’ study of cognitive 
development. While the quality of the essays is uneven and the collection as 
a whole suffers from a lack of unity, several of the articles, due to the kinds 
of problems with which they concern themselves, represent a significant ad- 
vance. Specifically, the two major theoretical contributions in the collection, 
one by Pinard and Laurendeau, and the other by Flavell and Wohlwill, sug- 
gest by the nature of their presentations that we who are interested in cogni- 
tive development, and particularly in Piaget’s theoretical approach to the 
subject, can now go beyond merely attempting to ‘interpret’ Piaget correctly— 
that we can go on to consider in their own right some of the theoretical issues 
he raised. These kinds of discussions are a refreshing advance over the 'inter- 
pretations' to which most writers on the Piagetian approach to cognitive de- 
velopment have limited themselves. Pinard and Laurendeau, for example, 
present an interesting discussion of the difficult problems of horizontal and 
vertical “decalage,” how the two concepts relate to one another, and how 
these developmental “asynchronisms” mesh with the “structured whole” con- 
cept of development. Flavell and Wohlwill's article, though somewhat less 
clarifying, discusses the characteristics of stage transition in terms of the un- 
derlying structures and of the behavioral or empirical indicants; most 1m- 
portant, it considers the strategic problem of how structural transformations 
can be inferred from behavioral ones. Two other articles are of particular 
interest as good summaries of Piaget’s general viewpoint and current research 
in two areas: Inhelder summarizes the Genevan work on memory, and Sin- 
clair the work on language development and on language and thought. Other 
articles in the collection are of lesser interest and, particularly in the case 0 
those on the conservation problem, vary in the extent to which they 4" 
founded in an understanding and appreciation of the general Piagetian view 
of development. 


Deanna Kuhn, Columbia University 
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An Analysis of Personality Theories 


By Albert Mehrabian. Englewood Cliffs, N. J.: Prentice-Hall, 1968. Pp. 217. 
$7.95. 


As the title of this book indicates, it is a meta-theoretical work. Professor 
Mehrabian elaborates a system whose purpose is to allow the reader to analyze 
any given personality theory. The main contention is that the underlying 
metaphor or metaphors of any given theory must be grasped in order to under- 
stand it. He argues that these underlying metaphors largely determine the 
observations the theorist will make and heavily influence the nature of the 
conceptualizations he will utilize to explain the interrelationships among the 
phenomena he observes. 

The use of metaphor is defined as the application of a familiar and known 
system to a new and unknown one. Freudians are said to have applied the 
metaphor of the hydraulic system, a known and familiar system, to the under- 
standing of personality dynamics, a relatively new and unknown area. The 
cognitive theorist Piaget is described as having applied the biological metaphor 
of adaptation to the field of cognitive development. The metaphor of biological 
adaptation (a description of the intake of nutrients and the elimination of 
waste materials through assimilation and accommodation) is used as an analogy 
to describe the process of cognitive development. Metaphor, then, seems to 
mean analogy, and the contention is that the analogies that are used heavily 
constrain the nature of personality theories. Professor Mehrabian proceeds to 
analyze Rogerian, psychoanalytic, instinct-need-habit-trait-factor, and cogni- 
tive-developmental approaches in terms of their underlying metaphors. у 

There are other important features to this book. Of particular interest is & 
chapter on computer-simulation approaches to the study of personality. It 1s 
pointed out that computer simulation is not a theory but a method of testing 
and elaborating any theory. The author also prescribes ways of judging the 
relative merits of theories and suggests categories for the description of per- 
sonality-related phenomena. fi 

Although some outstanding undergraduates may well profit from this book, 
it is clearly most suitable for graduate students. Familiarity with the theories 
discussed must be derived from other sources, as suggested by the author. 
The book itself, however, can be comprehended without much knowledge of 
the theories discussed. This is a useful work that can profitably be used in 
conjunction with other materials in a course on personality theory. It would 
also be one excellent source of information for graduate seminars that touch 
on the nature of theory in the field of personality and related areas. 


Robert D. Singer, University of California, Los Angeles 
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The Committee on International Ex- 
change of Persons announces that 
applications for senior Fulbright- 
Hays awards for lecturing and re- 
search during 1972-1973 in over 75 
foreign countries will be accepted in 
the spring of 1971. Specialists in the 
field of psychology who are US. citi- 
zens and have a doctorate or college 
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indicate their interest in 1972-1973 
awards by immediately completing a 
simple registration form, available on 
request from the Senior Fulbright- 
Hays Program, 2101 Constitution 
Avenue, Washington, D. C. 20418. 
Registrants will receive the detailed 
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soon as it is issued in the spring, in 
time to consider the possibilities and 
to apply before the closing date. 
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normal living costs of the grantee and 
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round-trip travel for the grantee 
(transportation is not provided for 
dependents). For lecturers going to 
most non-European countries, the 
award includes a dollar supplement, 
subject to the availability of funds, 
or carries a stipend in dollars and 
foreign currency, the amount de- 
pending on the assignment, the 
lecturer’s qualifications, salary, and 
other factors. 
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THE PASSIONS OF THE MINDE IN GENERALL 
Tuomas WRIGHT 


A Reprint Based on the 1604 Edition with an Introduction 
by Thomas O. Sloan 


Wright's “pithie discourse about the passions of the minde" was one 
of the first originally English works on the physiological “humours” 
and the passions corresponding to them. Published in five editions 
between 1601 and 1630, his book has long been regarded as an im- 
portant work in the history of psychology. Wright believed that 
studying the passions should contribute to man’s efforts to lead a life 
of Christian virtue, but unlike other philosophers of his age, he in- 
cluded within his study of the passions lengthy discussions of rhetoric. 

Sloan’s introduction provides a brief biography of Wright and 
points out the importance of The Passions as a clear reflection of the 
cross-currents of political, religious, psychological, and rhetorical 
movements of its time. $12.95. 


BIOLOGICAL AND SOCIAL 
FACTORS IN PSYCHOLINGUISTICS 
Eprrep BY JouN Morton 
These nine essays discuss the extent of the uniqueness of human 
language and speculate on its origins. They present valuable new 
data from comparative study of the brain, the anatomy, and the 
behavior of living primates and of man. 

The book is the result of a symposium held as part of the 
XIXth International Congress of Psychology in London during the 
summer of 1969. The contents are: “The Roots of Language” by 
Bernard Campbell, “Can Humans Talk?” by John С. Marshall, 
“Explaining Linguistic Universals” by David McNeill, Comparing 
and Contrasting” by Roger Wales, «What Could Possibly Be Innate? 
by John Morton, “The Grammar of Sign Language and the 
lems of Language Universals” by I. M. Schlesinger, “Social and 
Natural in Semiotics” by A. A. Leontiev, “Syntax and Semantics 
by Raqaiya Hasan, and “The Integrated Study of Language Be- 
haviour” by Thomas G. Bever. $8.95. 
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The Revised ITPA is an individually administered diagnostic test which taps 
significant abilities and disabilities in psycholinguistic functions in children 
between the ages of two and ten. It evaluates abilities in three dimensions: 

O channels of communication (auditory-vocal and visual-motor) 

O  psycholinguistic processes (receptive, organizing, and expressive processes) 
[1 levels of organization (automatic and representational ) 

Norms are presented for each of 12 subtests and in scaled scores. In addition, 
the test as a whole can yield: (1) a Composite Psycholinguistic Age and a 
Psycholinguistic Quotient, and (2) an estimated Binet mental age and an IQ. 
The complete kit includes directions for administration and scoring, 2 picture 
books of test materials, newly designed chips, tray, and pictured sequences for 
the Visual Sequential Memory Test, dispensable picture strips and scoring 
tissues for the new Visual Closure Test, 6 objects for the Verbal and Manual 
Expression Tests, a 33%-rpm instruction record, and 25 record forms. $43.50. 
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Monte Jay Meldman, M.D. 
Director of Research 
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Des Plaines, Illinois 


241 pages integrating data on attention and perception in behav- 
ioral pathology into a classification system of diseases of attention. 
580 references review the important literature, 
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EXPLANATION IN 
THE BEHAVIOURAL SCIENCES 


A Confrontation of Viewpoints 
Edited by R. BORGER and F. CIOFFI 


Philosophers, psychologists, sociologists and linguists often differ 
sharply in their assessment of the types of explanation character- 
istic of and appropriate to the behavioural sciences. With this in 
mind, the editors invited a number of distinguished philosophers 
and behavioural scientists to debate a series of connected prob- 
lems. Each chapter takes the form of an exposition, followed by a 
comment and then by the expositor's reply. $15.00 
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Edited and with an introduction by Jeremy Tunstall — 


In “The Structure of Foreign News,” in this volume, Johan Galtung and 
Mari Holmboe Ruge point out that international action is based on the 
image of international reality, and “. . . the regularity, ubiquity, and 
perseverance of news media . . . make them first-rate competitors for the 
number-one position as international image-former.” Therefore, “research 
into the adequacy of the image the news media give of the world is of 
primary importance.” 

Intended for students of social science, this book adds a valuable compara- 
tive aspect to media studies. It focuses on the British system of com- 
munication and British audiences (though nearly half the articles are 
non-British in subject matter or authorship). The twenty-five essays con- 
centrate less upon the audience than most media studies and more upon 
the communications organizations and communicators, such as journalists 
and TV producers. 

One-third of the articles have not been previously published. The volume 
includes: “Approaches to the Historical Development of Mass Media 
Studies" by Roger L, Brown; “Britain’s National Media Pattern” by Winston 
Fletcher; “The Impact of TV on the Audience for National Newspapers, 
1945-68” by James Curran; “Public Service and the Private World” by Tom 
Burns; “Developments in Soviet Radio and Television News Reporting p^ 
Gayle Durham Hollander; *The Mass Media and Egyptian Village Life” by 
Ibrahim Abu-Lughod; “Books, Book Readers and Bookshops" by Peter 
H. Mann; and “The Audience for Election Television” by Jay G. Blumler 
and Denis McQuail. dF. 

Other contributors are Joseph Bensman, Oliver Boyd-Barrett, Ronald ^: 
Bunn, David Butler, Melvin L. DeFleur, Philip Elliott, B. P. Emmett, 
James Halloran, D. Harper, Hilde T. Himmelweit, Michael Lane, 
Aleksander Matejko, Joan Munro, Robert Silvey, Donald Stokes, Andrew 
Tudor, and Malcolm Warner. $12.50. 
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FRANK MICHAEL CORTINA, From tape re- 
corded therapy sessions with addicts, the author 
has selected 17 which form the individual chap- 
ters of this book. Each chapter tells the story 
of one person and why and how he or she be- 
came addicted. The vignettes, fascinating in 
themselves, were chosen to illustrate a wide 
diversity of types involved in drug addiction. 
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Mental Retardation and 
Its Social Dimensions 


MARGARET ADAMS. The author emphasizes 
that the social worker, once equipped with the 
necessary information about mental retarda- 
tion, can make a contribution through the vari- 
ous disciplines of social work to the best ad- 
justment of the retarded individual, his family, 
and all those with whom he comes in contact. 
She sets forth and illustrates with case material 
the use of social work techniques in dealing with 
these problems. 


Introduction by Joseph M. Reid, Director of 
the Child Welfare League of America. Fore- 
word by Stanley Davies. 


“Studies of the Child Welfare League of 
America" $10.00 


Irvington, N. Y. 10533 
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“What forces us to believe that our only choice is between 
war or surrender? What is there about human thinking under 
stress that pushes every group conflict toward mutual anni- 
hilation? ... Let us look into the dynamics of our own minds.” 


AN ALTERNATIVE 
TO WAR OR SURRENDER 


by Charles E. Osgood 


Here is a brilliantly conceived, carefully blueprinted plan for 
an approach to international relations in the nuclear age that 
is as fresh now as it was when the book was first printed in 
1962 because it is psychologically sound. It offers a way out 
of the dangerous dilemma posed by the increasing tensions of 
the arms race that is leading to a permanently divided world, 
if not a fatal nuclear war. 


This plan, which the author has named Graduated Recipro- 
cation in Tension-reduction — GRIT — assumes that the prob- 
lems we face are primarily matters of human nature and 
human relations and that the Soviet people and their leaders 
are more like us than the “bogey man” our psycho-logic 
creates. 


It provides that the United States take the initiative in re- 
versing the arms race and in reducing world tensions through 
a carefully planned and executed “peace offensive” designed 
to invite reciprocation from the Communist bloc. It is 4 
step-by-step approach with built-in safeguards aimed at main- 
taining our security. 


“Let us look into the dynamics of our own minds, because 
only through understanding ourselves can we ever hope to 
understand others.” IB-7. 183 pages. Paper, $1.45. 
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PITCH AS A MEDIUM: 
A NEW APPROACH TO PSYCHOPHYSICAL SCALING 


Fred Attneave and Richard K. Olson 
University of Oregon 


Certain psychophysical continua have а primarily morphophorie function: 
they are the media in which patterns occur. The appropriate scale for any 
such medium is one that reflects the invariances preserved in transposition 
behavior. The results of two experiments designed to scale pitch by transposi- 
‘tion methods lead to the conclusion that the musical scale, not the mel 
scale, describes the morphophoric function of pitch. However, an abrupt 
| breaking point is evident at about 5,000 Hz, above which transposition 
behavior is erratic. 


Psychophysics has a curiously autonomous status in contempo- 
rary psychology, The measurement of elementary sensations is 
obviously important if sensations are viewed as the building blocks 
of perception. Since this view has not been widely entertained for 
some five decades, however, one is entitled to wonder why psycho- 
physicists go on measuring sensations with undiminished zeal. The 
basic fact that perception is relationally determined—that percep- 
tual objects owe their identity to certain relational invariants of pat- 
terns or configurations—has profound consequences for the psycho- 
physical treatment of such commonly investigated continua as 
brightness, loudness, and pitch. A major defect of conventional psy- 
chophysics is its failure to take these consequences into account. 

‚ Consider the example of pitch, with which this article is spe- 
,Cifically concerned. Rather diverse methods (summated jnds, inter- 
Val judgments, ratio judgments) yield fairly consistent results for 
Pitch: essentially, the mel seale. (See Stevens, Volkmann, and 
Newman, 1937; Stevens and Volkmann, 1940.) What these 
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methods have in common, for all their diversity, is that they tre: 
individual tones as perceptual objects, or psychological units, ea 
of which is conceived to have its characteristic pitch sensation, 
value on the attribute of pitch. Things are different outside the la- 
boratory: people rarely treat individual tones as auditory units or 
tie particular behaviors to particular pitches, nor would it be adap- 
tive for them to operate in such a manner. A very simple case of an 
auditory unit with realistic object properties is that of a brief se- 
quence of tones, as in a melodic phrase. It is well known that such 
a sequence is transposable: the pattern as a whole may be raised or 
lowered in pitch without destroying its perceptual identity. The 
corollary of this statement is that pitch is a medium, in which the 
same pattern may have different locations. 

An appropriate scale of pitch, so considered, is one that describes 
its morphophorie, or form-bearing, properties. The simplest such 
scale would be one on which any two perceptually equivalent pat- 
terns differed only by an additive constant. Let us inquire whether 
а scale of this kind exists for pitch, and if so, what psychophysical 
transformation on frequency will yield it. 

If musical conventions are to be taken at face value, a logarith- 
mic transformation gives the desired scale. Adding a constant to 
the log frequency of every note in a melody may change its key, but 
not its musical identity. However, the musical scale is not in 
agreement with the mel scale; a musical interval near 6,000 Hz 
contains more than six times as many mels as the ‘same’ interval 
near 100 Hz. This disagreement might be interpreted in a variety 
of ways. One possibility is that the musical scale is right, and the 
mel scale wrong, with respect to pitch as a medium. At the other 
extreme, it might be argued that musical equivalence is more or less 
arbitrary—being based perhaps on the structure of musical instru- 
ments, perhaps on relationships between harmonics of tones 
sounded together—and that under some ideal conditions people would 
actually transpose on the mel scale. A third possibility, of course, 
is that the scale optimally describing equivalences among patterns 
remains undiscovered, 

In the experiments reported here, our purpose was to infer à 
morphophoric seale of pitch from transposition behavior obtained 
under conditions as free of irrelevant influences as possible. To this 
end we employed patterns consisting of pure tones, presented sut- 
vessively, at a level (40 db) low enough to render aural harmonics 
negligible over a major portion of the range investigated. 
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EXPERIMENT I 


The general plan of the first experiment was to present the sub- 
ject with tonal patterns from various parts of the frequency spec- 
trum, and have him reproduce these patterns in a standard middle 
region. Each pattern presented was made up of only two frequencies, 
no more than an octave apart, alternated with variable duration to 
form some distinctive, repetitive temporal configuration. 


Method 


—Subjects—Six paid student volunteers from the University of Oregon were 
selected to provide different levels of musical experience and ability. We 
were particularly interested in whether the subject had any effective verbal 
Structure for the classification of intervals in musical terms. The two subjects 
we designate as musical were able to identify common musical intervals 
(either by names like ‘third,’ ‘fifth, and so on, or by assigning the component 
notes to a sol-fa scale), and likewise to construct intervals with pure tones, 
given their values. One of these, JF, was a female voice major who played 
the piano and who had sung leading roles in several local musicals. The other, 
DM, was a male graduate student in psychology who sang and played the 
guitar. None of the four subjects designated monmusical had any definite 
verbal structure for describing intervals. One of them, however, RB, а male 
graduate student in psychology, had studied piano briefly as a small child, 
was strongly interested in music, and spent a great deal of time listening to 
both ‘classical’ music and jazz. The remaining three, KN, SD, and LC, were 
female undergraduates none of whom had more than a very casual interest 
in music, Three other nonmusical subjects were dropped from the experiment 
because they failed to meet a minimum performance criterion. 


—Materials and apparatus—The stimuli are described in essentially musical 
terms. Each tone is represented by a pair of numbers such as 2-5 or 6-12. 
The first number designates the octave in which the tone occurs; the second 
Its position within that octave on a 12-tone or chromatic scale, each step of 
Which is exactly one-twelfth of a log, frequency unit. Middle C (2616 Hz) is 
called 3-1; thus 3-10 is the A above middle C (440 Hz), 4-10 is the A an 
Octave higher (880 Hz), and so on. The tones e ON covered a seven- 
octave range, from 1-7 (92.5 Hz) to 8-7 (11,840 Hz). 
The ‘stimulus’ to be EC 4 a given trial was always a temporal pattern 
9 two such tones within an octave of each other. The sequencing mechanism 
consisted of a phonograph turntable (rotating at 33 rpm) on which rested a 
cardboard disc extending beyond its edge. This dise was divided into 16 equal 
Sectors, any combination of which could be cut away beyond the edge of the 
turntable to provide a photoelectric cam. Transparent sectors allowed a beam 
of light to strike a photocell; opaque sectors interrupted it. The photocell in 
tum controlled a circuit that switched back and forth between the two tones 
Out temporal overlap, but without a noticeable interval between the 


150 ATTNEAVE AND OLSON 


alternating tones. Switching clicks were not altogether eliminated by the 
circuitry but were held to an unobtrusive level. 

Typical patterns (in terms of duration of successive tones) were such cycles 
as 113146113146..., 222226222226..., and so on. Each of the 
two tones occurred three times in every cycle; there were six alternations per 
cycle. However, the tones were not necessarily. equated for total duration; 
therefore every trial on which a pair of tones was pulsed by a particular cam 
dise was counterbalanced by another trial on which the same pair was pulsed 
by the ‘negative’ of that disc, so that the higher and lower tones exchanged 
places. In all, 24 discs were used, 12 basic patterns and their ‘negatives,’ 
Assignment of tone pairs to discs was random, except for the counterbalane- 
ing noted above. The aim in using these rhythmic cycles was to make the 
object perceived a pattern or configuration, even though only two frequencies 
were involved. (That this aim was not altogether unrealistic is illustrated by 
such a familiar example as the first four notes of Beethoven’s Fifth Symphony.) 

Given a standard or ‘stimulus’ pattern of this kind, the subject’s task was 
to match it (to construct a pattern as much like it as possible) in a different 
frequency region. He did this by adjusting a single oscillator, since one tone 
of the comparison or ‘response’ pattern was fixed by the experimenter and 
served as an anchor. By means of a hand switch, the subject could freely 
choose at any time during a trial to listen to either the stimulus pattern or 
the response pattern. This Switching operation was on the inputs to the photo- 
electric cam mechanism; therefore the stimulus and response patterns were 
identical in their temporal or rhythmic aspects. 

Over trials, 84 different pairs of tones were employed in stimulus patterns: 
12 intervals (1-12 chromatic steps) were presented in each of seven octaves. 
The midpoint of the interval was always а C (2-1, 3-1,..., 8-1) in the case 
of even-numbered intervals, or half a chromatic step higher in the case of odd- 
numbered intervals. The response pattern was invariably anchored in the 
5-1 to 6-1 octave, the region between 1,046.5 and 2,093 Hz. The distance 
between the anchor tone in this pattern and its counterpart in the stimulus 
pattern was always an integral number of octaves minus half an octave (six 
chromatic steps). This means that a strictly musical transposition demanded 
the greatest possible change in key, as from C to F-sharp. 

The tones making up the stimulus patterns were generated by a Grayson- 
Stadler Twin 950C oscillator. Those in the response patterns were produced 
by two RCA WA-44C oscillators, One of the latter was located in front of 
the subject in a sound-attenuated room; all other major items of equipment 
were located in a separate control room with the experimenter. No attempt 
was made to calibrate the oscillators accurately for frequency. Instead, ; 
frequencies were determined by a vernier stroboscope, Conn Instruments 
Strobocon 6T4. This remarkable device provided a degree of precision far 
beyond the requirements of the present study, even if one liberally discounts 
the manufacturer's claim of 7.0576 accuracy. 

It seemed advisable to present all tones at a constant loudness. The sensa- 
tion level of 40 db was chosen as a compromise between two objectives: to 
hold aural harmonies to an insignificant level, and to make the tones loud 
enough to be heard comfortably. (Results were also spot-checked at 20 db.) 
To maintain constant loudness, we needed to know what voltages to apply 
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to the output tranducers—a pair of Koss Pro-4 headphones—at the various 
frequencies represented in stimuli. This information was obtained directly 
(that is, without separately considering the transfer functions of phone and 
ear) by having four preliminary subjects adjust in amplitude each of the 85 
frequencies employed (on two trials, one ascending, one descending) to match 
the loudness of a 1,000-Hz tone 40 db above threshold, The four resulting 
curves were in excellent agreement with one another, and were averaged to 
provide the values of output voltage subsequently used. Amplitudes of the 
two stimulus tones and the anchor tone of the response pattern were con- 
trolled manually by the experimenter. Uniform loudness of tones from the 
subject’s oscillator was achieved by a mechanical linkage of controls: a spring- 
loaded arm from the amplitude knob rode on a carefully machined bronze 
cam attached to the frequency dial. A cardboard disc, also attached to the 
frequency dial, hid most of this mechanism as well as the frequency markings 
on the dial, 


—Procedure—Subjects were first checked for adequate sensitivity over the 
experimental frequency range. They were asked if the highest tone used 
seemed about as loud as the 1,000-Hz reference tone at 40 db. They were then 
Spot-checked throughout the experimental range to ensure that they had no 
lacunae, Their ability or inability to identify musical intervals was also 
ascertained, as described. The task was then presented to them as simply a 
matching of ‘patterns’ or ‘tunes’? They were never told that they should 
match patterns by musical standards, or that they should refrain from doing 
80, but merely that whatever sounded like the same pattern was the desired 
response, i 
Subjects were familiarized with the task in a series of practice trials. The 
first 12 practice patterns, given on days 1 and 2, were drawn from the two 
octaves overlapping the response octave and extending half an octave beyond 
it in either direction, Feedback was given with special care to avoid imposing 
any particular scale on the subject’s judgments. Thus, he was asked to re- 
consider his response if it was grossly beyond the limits of a mel match, а 
musical match, or anything in between; this was quite practical in view of 
the small range. Also, he was specifically shown his error if he reversed the 
ordinal telationship of the tones or if he set his tone to the same frequency 
38 the corresponding stimulus tone. Twelve more practice trials, on days 3 
‘nd 4, were drawn randomly from the whole experimental range. On these, 
the subject was corrected only for qualitative errors: ordinal reversals and 
identity or octave matches. Three subjects who were unable to eliminate such 
Qualitative errors (and moreover showed exceedingly high variability) were 
"0ррей after the practice trials, 2 Д 
In the body of pu experiment, the subject was given a total of eight trials 
two series of four) on each of the 84 stimulus pairs. The four trials within а 
Series represented the possible combinations of two procedural variables: (a) 
Whether the subject adjusted the high or the low tone of the pair, and (b) 
Whether he began the trial with his oscillator set at the high or the low end 
Of itg Tange. These (4 x 84) trials were given in a random order, with the 
restriction that a given combination of the two variables just mentioned not 
qur twice in succession. Assignment of temporal patterns (photoelectric 
Cams) to trials was also random. The whole series was then repeated in a 
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new random order, but the photoelectric cam used on any given trial was the 
‘negative’ of that used on its counterpart in the first series. 

The subject was told to listen first to the stimulus pattern and then adjust 
the response pattern to match it, switching back to the stimulus pattern when- 
ever necessary. Each experimental session lasted about an hour and included 
20 trials, more or less, depending on the subject’s speed and endurance. He 
was allowed as much time as he needed to make a setting. 


Results and discussion 


The eight responses a subject made to each stimulus pair were 
averaged, thus yielding a mean transposed interval value. (The 
averaging was all done on a log frequency scale because of the rela- 
tive uniformity of variability in these terms. The means so ob- 
tained are not systematically different from medians; see Experi- 
ment II.) These values are plotted for each subject in the six graphs 
of Figure 1. The abscissa of each graph is essentially a log fre- 
queney scale, and a given ‘column’ represents stimulus intervals 
that have the same logarithmic midpoint." The subject’s matching 
interval (in the 5-1 to 6-1 response octave, 1,046.5-2,093 Hz) is 
shown on the ordinate in terms of chromatic steps, or twelfths of 
an octave, with a separate function for each stimulus interval 
labeled in similar terms. A graph representing perfect transposition 
by musical standards would thus consist of 12 horizontal straight 
lines intersecting the ordinate at the correspondingly numbered 
points. 

The two musical subjects, JF and DM, showed very similar be- 
havior. To a good approximation, they transposed on a logarithmic 
or musical scale over the first five octaves. In the two highest oc- 
taves their curves, as shown in Figure 1, remain fairly flat for 
small intervals (up to about five chromatic steps), but for larger 
intervals a gross breakdown occurs. In the sixth (next to highest) 
octave, JF markedly compresses the three largest intervals and 
DM the seven largest ones; this dip is so extreme that in several 
cases a large interval is reproduced smaller than one only half its 
size. In the highest octave, DM shows a surprising recovery, OF 
decompression of the large intervals (though his ordering is still 
by no means perfect); JF shows a similar decompression of inter- 
vals 10, 11, and 12, but a new compression of intervals 6, 7, and 9. 

Both JF and DM reported that high tones (above about 5, 
Hz) lacked the musical quality characteristic of lower ones. Con- 
sidering that the higher tone of a pair inéreased in frequency 95 
interval size increased about a given midpoint, we can inquire 
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what frequency the higher tone had in the pair on which the sub- 
ject first showed a marked (ordinal) aberration. This value was 
5,587.6 Hz for JF, and 4,978 Hz for DM. (Variability data provide 
further evidence for a discontinuity of process in this region.) It may 
be that JF and DM were most confused when one tone of a pair 
was within the musical range and the other above it, and less so 
when both tones were lacking in musical quality. 

The four nonmusical subjects differed greatly from one another 
in their transposition behavior. For RB, musical intervals were 
roughly invariant over frequency; the only systematic deviation 
of his functions from horizontality (Figure 1) reflects some over- 
estimation of small intervals at high frequencies. Although generally 
more variable than the musical subjects, he showed relatively less 
confusion at high frequencies. He did show a consistent tendency 
to expand small intervals and contract large ones, regardless of 
frequency. 

The performance of SD (Figure 1) seems to show a modest, 
irregular tendency for musical intervals to increase in apparent size 
with frequency, but in neither form nor degree does this variation 
suggest that she was transposing on anything like a mel scale. What 
is most striking in her results is the tremendous contraction of all 
but the smallest intervals, often by a factor of two or more. This 
might be viewed as a kind of time-order error, but its magnitude is 
difficult to explain. 

Subjects KN and LC were somewhat similar to each other in that 
their functions (Figure 1) tend to peak in the middle of the fre- 
quency range, and fall off toward the extremes. In Figure 2 their 
functions are shown in normalized form. The hypothesis that these 
subjects were transposing on a mel scale is quite untenable, since 
the function describing mels per increment in log frequency (shown 
with Xs in Figure 2) peaks much too high, in the 7-1 region. 

In principle, it would be possible to derive scales for KN and LC 
by averaging and integrating the functions of Figure 2. A variety 
of suspicions and misgivings restrain us from doing so. One dis- 
quieting possibility, suggested especially by the performance of 10, 
is that response intervals vary as a decreasing function of the dis- 
tance of the stimulus pattern from the response region. If this were 
the only difficulty, it could be remedied by a counterbalancing of 
stimulus and response regions. Of more fundamental concern, how- 
ever, are the indications that SD, KN, and LC were employing 
idiosyncratic judgmental or response heuristics inconsistent with 
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FREQUENCY LEVEL OF STIMULUS 


Fig. 2. Normalized functions for subjects KN and LC, Experiment I. Each 
curve from Figure 1 has been divided by the mean of its values at 5-1 and 
6-1, so that all curves intersect in the middle of the response region. Musical 
transposition would be represented by a horizontal through 10; mel-scale 
transposition by the unconnected Xs. 


the task assigned them, which was to make the response pattern 
sound as much like the stimulus pattern as possible. Note, for ex- 
ample, that a scale based on SD's intervals 2, 3, and 4 (Figure 1) 
would have little resemblance to one derived from her intervals 
10, 11, and 12: the former functions rise steadily with frequency, 
more than doubling between 2-1 and 7-1, whereas the latter seem 
м follow a peculiar sinusoidal course, ending up about where they 
egin, 

Again, note that KN’s transposition of interval 1 is markedly 
different from her transposition of all the others (Figures 1 and 
2); also that her functions for intervals 6, 7, and 8 peak at a lower 
frequency than those for intervals 9, 10, 11, and 12. Any such in- 
teraction with interval size, whatever its source, clearly violates 
the assumptions of the scaling procedure we set out to employ. 
These and other considerations led us to the alternative paradigm 
described in Experiment II. Meanwhile, let us not lose sight of the 
fact that the musical subjects JF and DM gave us a close approx- 
imation to musical transposition, except in the two highest octaves, 
and that the behavior of RB (who, it may be recalled, was a de- 
Voted music listener, though he had no verbal categories for in- 
tervals) was also quite reasonably consistent with the musical 
Scale, 
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Some of the most interesting results of this experiment emerge 
from an analysis of variability data, which are now described. 
Every point in Figure 1 is a mean of eight judgments, over which 
three procedural variables were counterbalanced. A variability mea- 
sure corresponding to each of these points was calculated simply by 
averaging the deviations of the eight judgments from their own 
mean. In Figure 3 the variability scores are plotted against interval 
size, with frequency level as the parameter. The heavy curve in 
each subject’s graph is an average for the five lowest octaves, over 
which variability did not appear to change systematically ;? sepa- 
rate functions are displayed for the two highest octaves. 

The two musical subjects, JF and DM, showed remarkably sim- 

ilar patterns. Their functions for the lower octaves are approx- 
imately flat; that is, variability did not increase with interval size. 
Over this region, variable error of frequency settings is of the order 
of 2% or less, but in the two highest octaves it becomes tremendously 
greater. Note that both subjects showed an abrupt increase in 
variability, by about a factor of five, at exactly the same place in 
the sixth octave—at the transition from interval 6 to interval 7. 
This is the step in which the high tone of the pair increased from 
4,978 to 5,274 Hz. (Interval size was increased by alternately 
raising the high tone and lowering the low tone; at this particular 
transition the low tone remained unchanged at 3,520 Hz.) Thus we 
have further evidence for a discontinuity of process at just about 
5,000 Hz. 
We have observed already that JF and DM showed no increase 
in variability with interval size over the lower five octaves: for 
these functions the correlations are at a pure chance level, .18 and 
—.05 respectively. In the top octave, however, the correlation in- 
creases to .34 for JF, which is suggestive though not significant, and 
to .74 (p < .01) for DM. 

The situation is quite different for the nonmusical subjects, all 
four of whom showed definite increases in variability with interval 
size in the lower octaves, the correlations being .68 (p « .02) for 
RB, .76 (p « .01) for SD, .88 (p « .001) for KN, and .94 (p < 
001) for LC. In none of these subjects do we observe the dramatic 
increase in variability at high frequencies that characterized the 
musical subjects, though SD does appear somewhat more variable 
in the top octave, and the quasi-musical RB further shows some 
weak suggestion of discontinuity in the 5,000-Hz region. Note that 
at high frequencies nonmusical subjects are actually less variable 
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Fig. 3. Variability as a function of stimulus interval for individual subjects, 
Xperiment I. The measure of variability is a mean deviation; the unit is a 

chromatic step, which represents a constant proportional change (about 6%) 

23 frequency, Interval magnitude is likewise shown in chromatic steps on the 

біз, The five lowest frequency levels are averaged (heavy line); the two 
igher octaves are plotted separately. 


than musical subjects, who were perhaps trying vainly to apply 


Musical standards to nonmusical tones. 
These data strongly support the view that intervals may be 
resented or encoded in either an analog or a digital manner. 


rep- 
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differential effect of interval size on variability suggests that the 
nonmusical subjects were representing intervals as quantities or 
magnitudes or distances (on what scale is an open question), 
whereas the musical subjects were representing them in qualitative 
or categorical terms up to about 5,000 Hz, but quantitatively at 
higher frequencies. Musical categories thus may be conceived as 
rigidly interconnected with one another in something like a solfeg- 
gio reference structure, the whole of which is freely transposable 
(below 5,000 Hz) in a log frequency medium. 


EXPERIMENT II 


At the completion of Experiment I it was evident that those re- 
sults from nonmusical subjects could not be attributed to properties 
of any homogeneous, underlying transposition medium, for reasons 
of inconsistency within, as well as between, subjects under this 
interpretation. We found ourselves unwilling to abandon the sup- 
position that a well-defined pattern medium could be demonstrated 
in nonmusieal persons, but unclear as to why our method had failed 
to discover it. A strong suspicion was that those subjects had 
based their transpositions on highly unstable representations of 
the patterns; reasons for such instability might be found in the 
poverty of the two-note patterns, in the brevity of experience 
the standard on any particular trial, and in between-trial interfer- 
ence effects. (As indicated in the discussion of variability data, it is 
likely that musical subjects achieved stable representations by 
digital coding—by assigning tones to pigeonholes with determinate 
separations in the log frequency medium.) Accordingly, we sought 
an alternative transposition task that might avoid these possible 
sources of trouble in as uncomplicated a way as possible. 

A paradigm that recommended itself was one requiring the trans- 
position, from long-term memory, of a simple melodic sequente, 
already highly overlearned, in which the component notes had al- 
ways had the same frequency values during learning. Such а £ê- 
quence is not easy to think of, since a familiar tune may have been 
heard in many keys, but it occurred to us after some consideration 
that the NBC chimes might meet our requirements quite well. 
Upon checking with the National Broadcasting Company, we Were 
assured that the chimes had never varied in key; they are always 
composed of the notes G, E, and C, ending on middle C. We pro- 
ceeded then with an experiment in which the subjects were 
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to reconstruct the pattern of the chimes out of pure tones at vari- 
ous places on the frequency spectrum. 


Method 


—Subjects—Four paid volunteers, one male and three female students at the 
University of Oregon, were employed as subjects. All four were nonmusical in 
the sense defined earlier. They all stated that they had heard the NBC chimes 
many times, and they were able, either initially or after preliminary practice, 
to produce the pattern accurately at its normal frequency level. 


—Apparatus—Both of the RCA audio generators used earlier were now con- 
trolled by the subject, for frequency and also for loudness. The Grayson 
Stadler Twin oscillator, still in the experimenter’s room, provided on each 
trial some anchor tone at a 40-db sensation level. The subject could listen, 
through the Koss Pro-4 headphones, to any of these three oscillators by press- 
ing one of three button-switches mounted on а panel in front of him, between 
his two oscillators. The vernier stroboscope was used for all frequency read- 
ings, as before, 


—Procedure—The general procedure, employed on every trial, was to give the 
subject an anchor tone, which was designated as either the first, second, or 
third tone of the sequence, whereupon his task was to adjust the other two 
tones to make the pattern sound like the NBC chimes. 

Initially the subject was interviewed about his musical background (or lack 
thereof) and acquainted with the apparatus, particularly the oscillator con- 
trols. He was then asked to construct the chimes pattern, given the first tone 
at its normal frequency. Errors of two or more chromatic steps were not un- 
common on this first attempt. The pattern was then set correctly by the ex- 
Perimenter; the subject was allowed to listen to it and immediately thereafter 
attempted to reconstruct it given an anchor tone. This alternation of demon- 
stration and production was continued for 10 practice trials, by the end of 
Which three subjects were consistently accurate within a chromatic step. The 
fourth subject, whose errors were greater, was given 10 more practice trials, 
in the course of which he attained a similar accuracy level. (Two prospective 
subjects never achieved this level of accuracy during the practice session and 
Were dropped.) It should be clearly understood that the practice session im- 
volved only the standard, or untransposed, pattern, at the frequencies G = 
28 = 196 Hz, E — 3.5 — 3296 Hz, and C = 3-1 = 2616 Hz. At no time 
during the experiment was the subject given any transposed exemplar of е 
Pattern. However, his memory was refreshed at the beginning of each regu! 
Session by a single presentation and reconstruction of the standard pattern, 
Е in the practice session; occasionally he made an error greater than a chro- 

‘atic step and received a second practice trial. 

In the experiment proper, the жш was required to construct the quinta 
at 14 different frequency levels: the standard, 3 levels below it, and 10 above 
ìt. Adjacent levels were half an octave apart. Thus half the Lem rues 
Were within the key of C (that is, an integral number of octaves from. е 

dard) and therefore involved the possibility of ‘octave generalization, 
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whereas alternate transpositions were to the key of F-sharp/G-flat, which of 
all keys is the one most remote from C by musical standards. Except at the 
lowest frequency level, each of the three tones was used twice as the anchor, 
yielding a total of six trials at each level. Because of apparatus limitations, 
only the second and third tones could be used as anchors at the lowest fre- 
quency level. Each session lasted about an hour and consisted of one trial at 
each frequency level. Order of presentation was random. The anchor tone was 
randomly selected for each trial without replacement, so that after three ses- 
sions every anchor tone had been used at every frequency level, with the 
exception noted. This procedure was replicated in the second three sessions. 

The subject was, of course, told at the beginning of each trial which of the 
three tones the anchor represented. He was instructed to sound only one tone 
at a time (more specifically, to use a single finger in pressing buttons), and 
to play the tones always in their proper sequence. He was further instructed 
to keep the variable tones equal in loudness to the anchor as he adjusted 
their frequencies, 


Results 


The NBC chimes pattern, as normally sounded, consists of an 
ascending interval of nine chromatic steps followed by a descending 
interval of four steps. We now consider the sizes of these intervals as 
reproduced by the subjects at various frequency levels; also, the 
variability of the reproduced intervals as a function of frequency. 
From the six trials of a subject at each frequency level, a median 
and an average deviation about the median were calculated for 
each of the two intervals. (Position of anchor tone made no con- 
sistent difference and was ignored. Medians were used to minimize 
the weight of occasional ‘wild’ responses, but averaging log fre- 
quency settings, as in Experiment I, would have yielded practically 
identical results.) The means of these values, over the four sub- 
jects, are graphed in Figure 4. This average function represents 
the performance of individuals quite well: one subject was consider- 
ably more variable than the other three, but there were no im- 
portant qualitative differences of the sort encountered in Experi- 
ment I, 

The functions shown in Figure 4 are, for all practical purposes, 
horizontal straight lines, Quite simply: the chimes pattern was trans- 
posed on a musical scale, or in a log frequency medium. Intervals 
were consistently set a little too large; this constant-error tend- 
ency was reliable enough, but trivial in magnitude. Nothing re 
motely suggestive of a mel seale appears in the data. 

Again, the variability results are informative. Variable error 
(in log frequency units) is fairly uniform over the lower frequen- 


| PITCH AS A MEDIUM 161 


2 
] 
\ 


INTERVAL 


RESPONSE 


HT 24 27 BH 3F 44 OT MH SF MM 67 M [OM 
FREQUENCY LEVEL OF RESPONSE 


Fig. 4. The two intervals of the NBC chimes as reproduced at various fre- 
quency levels in Experiment II. Vertical lines extending +1 mean deviation 
Show variability. (Means were taken, over subjects, of within-subject medians 
and associated mean deviations.) Response intervals are measured in chro- 
matic steps; the standard intervals were at 4 and 9 steps respectively. Ad- 
Jacent frequency levels (abscissa) are separated by half an octave. Frequen- 
cies corresponding to perfect musical transposition of the pattern are specified 
at selected levels. 


cies, up through level 6-7; see Figure 4. At level 7-1, where only the 
highest tone of the pattern exceeds 5,000 Hz, variability inereases to 
more than double the average at lower frequencies. At the two high- 
est levels—7-7 and 8-1, which lie entirely above 5,000 Hz but for 
one tone in the former—variability is almost four times the lower 
norm, 

Thus, in terms of both scale and variability, we find the subjects 
of Experiment II—all of whom were ‘nonmusical’—behaving essen- 
tially as did the ‘musical’ subjects in Experiment L? A possible ex- 
ception to this generalization is that variability in Experiment II 
Was about 5096 ereater on the large interval than on the small one, 
Whereas in Experiment I variability was dependent on interval size 

Or nonmusical subjects but not for musical subjects. However, 
there is no certainty that this variability difference in Experiment 
II is attributable to interval size per se rather than to some other 
feature of the pattern—than to the fact that the second and smaller 
interval ends on the keynote or tonic, for example. 

It is quite clear that ‘octave generalization’ was not an impor- 
tant factor in Experiment II. If it had been, we would presumably 

nd an alternating pattern of variable error, low at the n-1 fre- 
quency levels and high at the n-7 levels. There is, in the function 
for the larger interval in Figure 4, some suggestion that constant 
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error (tendency to set the interval too large, by musical standards) 
alternates in this manner, but the effect, even if real, is exceedingly 
small. 


DISCUSSION 


On the task of Experiment I, musical subjects transposed on a 
musical seale (except at high frequencies), whereas the behavior of 
nonmusical subjects was too idiosyncratic to permit any generaliza- 
tion about the scale they were using. Why the latter were so idio- 
syncratic remains a matter of conjecture. We have already ques- 
tioned whether they were actually transposing patterns in the sense 
that our method presupposes. A further possibility is that their short- 
term memory traces (whatever the psychophysical process on which 
these traces were based) were highly unstable and hence vulnerable 
to a variety of disturbing influences. In any case, the results of 
Experiment II show that musically untutored persons cannot be 
supposed simply to lack the musical scale. Quite the contrary: they 
clearly transpose in a log frequency medium when given a well- 
defined, highly overlearned pattern as standard. 

Whatever the mel may be, it is not a unit of melody; pitch as & 
medium has been much better described by the musician than by 
the psychophysicist. This is not to say that the mel scale has no 
psychological reality; musically competent observers, like Stumpf, 
have long recognized that musical intervals are larger (on some 
necessarily nonmusical scale) at high frequencies than at low fre- 
quencies. There have been numerous attempts to reconcile musical 
pitch (or ‘tonality’) with pitch in the mel-scale sense, often em- 
ploying the spatial model of a tonal spiral. Boring’s review of these 
efforts ends with this remarkable conclusion: “Nowadays, with dim- 
inution of the phenomenological interest in tone, with the failure to 
get differential limens of tonality, and with the knowledge that the 
aural harmonies insistently apply the musical relations to tones, 
the need for this attribute has largely evaporated. The octave is, 50 
it is thought, the tonal distance for which the harmonics—and there 
E. чей aural harmonics—interpenetrate maximally” (1942, р. 

Our basic disagreement with Boring is perhaps clear without fur- 
ther belaboring, but the matter of harmonics does deserve discus- 
sion at this point. If one wishes to maintain that the musical scale 
is initially established in either the individual or the culture by 
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relationships between harmonics, his position, though debatable, is 
& tenable one. However, if the argument is that some characteristic 
interpenetration of harmonics constitutes the necessary basis for 
identifying a particular musical interval, or is somehow essential 
to the encoding of tones in musical terms, the following considera- 
tions strongly disconfirm it. First, we find musical transposition of 
patterns that are entirely sequential, with no temporal overlap of 
tones. Second, tones were kept at a 40-db sensation level in both of 
the experiments reported—with close precision in Experiment I, ap- 
proximately in Experiment II. At this level aural harmonies are not 
“phenomenally evident, although they may be detected at the lower 
frequencies (where higher amplitudes are required for equal loud- 
mess) by the presence of beats with a probe tone. According to the 
curves that Fletcher (1929) obtained by the probe method, tones 
At the 40-db sensation level with frequencies greater than 500 Hz 
are entirely free of aural harmonics. And in our results the musical 
Seale obtained for more than three octaves above 500 Hz. Third, the 
two musical subjects of Experiment I still made consistently 
‘musical transpositions when spot-checked at the uncomfortably low 
Sensation level of 20 db. According to Fletcher's data, tones at this 
level are free of aural harmonics down to somewhat less than 120 


- Perhaps the most provocative finding of these studies is the 
‘Abrupt deterioration of musical transposition that occurred at about 
5000 Hz, both in the musical subjects of Experiment I and in the 
Bonmusical subjects of Experiment IL. Something changes rather 
atieally at this level; phenomenally it is identifiable asa loss 
of musical quality, whatever that may be. The two musical subjects 
| Experiment I showed a break at the very same chromatic step. 
lis is between three and four half tones above the high end of the 
| piano; in other words, it would appear that just three keys could be 
Added to the upper end of the piano keyboard without exceeding the 
Musical range. The piccolo’s highest note is about the same as the 
Jlano’s, and no conventional instruments go higher; pipe organs 
ve been constructed with notes as high as 12,000 Hz, but it is not 
ar that this extension of range is more than a curiosity, or an 
гап builder’s tour de force. The empiricist may argue that tones 
"bove 5,000 Hz are unmusical because they do not occur as funda- 
tals in music, and the nativist may counter that they do not 

in music because they are unmusical; nothing in our data dis- 
“ves either position. 
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A very interesting possibility, however, is that the mel scale is 
dependent on a place mechanism (as indeed a mapping of mel in- 
tervals on the basilar membrane strongly suggests) but that the 
musical scale is based on a frequency-volley mechanism with asso- 
ciated neural filters, It seems evident already that the place prin- 
ciple cannot account for very low frequencies, or the volley prin- 
ciple for very high ones, but the region and extent of overlap 
between the two mechanisms is ambiguous. The following of sound 
frequencies by squads of auditory fibers has been observed up to 
about 4,000 Hz (Wever, 1949), and it is not implausible to suppose 
а real upper limit near 5,000 Hz where we find so abrupt a break in 
transposition performance. The argument for this hypothesis would 
perhaps be more convincing if subjects definitely went over from & 
musical seale to a mel scale at 5,000 Hz (though it is not entirely 
clear what this would entail); what we actually fin’ , particularly 
in Experiment II, is that the musical scale still obt'ns at higher 
frequencies on the average, albeit with much greater variability. 

The failure of ‘octave generalization’ to manifest itself in Experi- 
ment II—that is, the fact that subjects transposed about as well 
from C to F-sharp as from C to C in different octaves—tells us 
something about the terms in which the pattern was stored. Bear 
in mind that in this experiment the transposition was from а stand- 
ard held in long-term memory: if the normal chimes pattern had 
been presented before each trial, octave relationships might well 
have assumed greater importance. (Experiment I did employ short- 
term memory but provided no direct opportunity for octave gen- 
eralization.) The circulating short-term memory of a tonal se- 
quence just heard, which is experienced as an auditory image 
extended in real time (as a melody that ‘runs through one's head’), 
typically preserves the key or specific pitch values of the original. 
On the other hand, a subjectively similar image generated from 
long-term memory is no less determinate in key,“ but its key may 
or may not be that of the original. (If the reader can form a clear 
image of the NBC chimes, he can then go to the piano and find the 
three particular notes that match his image, in pitch as well 451 
pattern, to the nearest half tone. It is quite unlikely, however, 
the key of his image—identified by the final note—will be that of 
C, in which he has always heard the chimes.) The long-term 
memory trace is encoded in terms based upon relations, or in 
or distances on a log frequency scale. There is nothing about such 
a coding system that would preclude the additional or 8 
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orage of information about specific pitches, or key* but it ix evi- 
lent that normal individuals do not, in fact, preserve this kind of 
formation with any high degree of precision. If they did, 'ab- 
te pitch' would be commonplace. 
As suggested at the beginning, pitch is only one of a number of pay- 
thophysical continua that may legitimately be studied as media. Tn 
r, fairly obvious ways, pitch is unique, and the present rosulta, 
ough enlightening in the case of pitch, do not tell us what to expect. 
ore generally. It will be interesting to try to quantify the morpho- 
ric properties of other continua such as loudness, but avoiding pit- 
of the kind that we encountered with nonmusical subjects in Ex- 
ment I may require considerable care and ingenuity. 
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the Department of Defense (Contract Е44620-67С-0000). Dr. Olson is now 
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L Strictly speaking, the midpoints of odd-numbered intervals were half а 
bmatic step (one twenty-fourth of an octave) higher than those of evren- 
ümbered intervals. ы 
Note, however, that that variability is measured in chromatic steps, or 
quency units. In terms of frequency, what is averaged over the lower oc- 
is, in effect, proportional variability, with interval size held constant. 
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DISTRIBUTED PRACTICE IN PAIRED-ASSOCIATE 
LEARNING: INTERSTIMULUS SIMILARITY 


Mukul K. Dey 
McMaster University, Canada 


The subjects learned CCC trigrams at five levels of intralist stimulus similar- 
ity and at two intertrial intervals (2 and 60 sec.). There was a significant inter- 
action of similarity and interval: the greater the similarity, the greater the 
facilitative effect of the 60-sec interval. This is interpreted as support for 
the theory that interference in paired-associate learning is due to the con- 
flict of simultaneously evoked response tendencies. 


_ А reduction in the level of interference through the rest intervals 
's often considered to be the basis of facilitation of paired-associate 
learning by distribution of practice. Two interpretations of the 
nature of this interference have been offered. One of these inter- 
Pretations (Underwood, 1961) attributes interference to the re- 
"ponse-learning phase. After a careful review of pertinent findings, 
Олегу ood and Ekstrand (1967) have recently rejected this propo- 
sition. The other interpretation, suggested by Underwood and Schulz 
(1959, 1961), links interference to the associative processes. The 
Writer has developed this last-mentioned idea into a theory that con- 
elves interference in paired-associate learning as a temporally 
labile inhibitory potential generated by the conflict of simultane- 
ously evoked response tendencies (Dey, 1966). f 

A Principal prediction from the theory thus developed is that 
‘stribution of practice—as either intertrial or interpair interval— 
and interstimulus similarity should influence learning in an in- 
teractive pattern. This prediction has been partly substantiated 
Y the demonstration of a joint influence of interstimulus similarity 
and interpair interval: with higher values of the former, an increase 
m the latter leads to greater facilitation (Dey, 1966). However, for 
* complete test of the prediction, it is necessary to determine if a 
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similar relationship prevails when intertrial interval is used as the 
medium of variation. An experiment by Marshall and Runquist 
(1962) failed to show such a relationship, though the main effects 
of both intertrial interval and interstimulus similarity occurred in 
significant proportions. These authors used CVC trigrams аз stim- 
uli and arranged two levels of interstimulus similarity. The experi- 
ment reported here sought further evidence, using CCC trigrams 
as stimuli and varying interstimulus similarity through a much 
wider range. 


METHOD 


—Subjects—The subjects were 180 sophomores and juniors from the writer's 
classes. They were randomly assigned to ten groups of equal size. Although 
none was lost for failure to learn, 7 subjects were replaced because they either 
gave evidence of having misunderstood the instructions or reported inadequate 
interest or motivation. The subjects’ mean age was 234 years, in the range 
from 18 to 31 years. The male-female ratio was 3:2 in every group. 


—Design and material—The experiment was given a 2 x 5 factorial design, 
with intertrial interval at 2 or 60 sec and interstimulus similarity varied in five 
ways by use of five series of six trigrams as stimuli (Table 1). The trigrams is 
series A through E, representing a progressive increase of interstimulus similar 
ity, were constructed with 18, 13, 9, 6, and 3 consonants respectively. The 
three-letter words adopted as response terms in all lists are ham, fig, ray, © 
jet, and cup. Rotating the factor of pairing so that each stimulus was 
once with every response term, six lists of paired associates were рге for 
each degree of interstimulus similarity. 
—Apparatus and procedure—The auditory stimuli were presented by means of 
a Tandberg tape recorder with solenoid start-stop mechanism. The response 
terms were visually presented through projection on a table-view screen by 8 
Leitz Pradovit-Color slide projector with a remote-control and auto 
return mechanism. A Scientific Prototype sound-operated relay, three Hunter 
interval timers and two Lehigh Valley Electronics pulseformers assi in 


Table 1. The five series of trigrams representing five degrees of interstimulus 
ity 


ilarity in i imil 

کے 

а‏ __ ا 
HLF HFB HFB HFB GKT‏ 
BJX BXJ FXJ BXJ GTK‏ 
SQZ XQZ BQZ JQH TKG‏ 
RMY RMQ RHM XBF TGK‏ 
NDC NDR JZR QJX KTG‏ 
VWP VNP QMX FHQ KGT‏ 
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roughly 25 sec, and making some allowance for the relay times, the interpair 
interval may be estimated as 2 вес. Three 60-min audio tapes were prepared 
for every stimulus series, repeatedly. recording three 24-item sequences, one 
on each tape. The three stimulus sequences were arranged in such 
that the use of each in conjunction with the same six sequences of 
for each word—would furnish the desired rotation of the factor 

The instructions were those normally used in paired-associate 
the anticipation method, plus some explanatory remarks on the 
Activity. For all subjects, practice was carried on to the criterion of first 
elicitation of all responses on a trial. The groups receiving 2a6 
intervals practiced continuously, as in their case intertrial and 
vals were identical. The groups receiving 60-вес intertrial intervals 
hated between pure tones spaced an octave apart as the rest-interval 
A second Tandberg tape recorder with solenoid switch, which 
pairs of tones at intervals of 9 sec, was started at the moment the 
recorder (delivering stimuli) was stopped at the end of every trial. 
tones in each pair, which were of 1-sec duration each, were separated by 
5-с interval. The subjects reported their judgments with reference to 
second tone. Six judgments were called for during each 60-sec intertrial 


1 


linl 


RESULTS 


Table 2. Group means of number of trials to criterion and of number of overt 
errors per trial 


Trials to criterion Overt errors per trial 


A 15.5 5з 15.72 Абы 1.57 .87 1.45 1. 
B 18:98 Un 18.00. 4.58 1.66 .76 1.75 HA 
c 20.94 5.53 18.78 6.14 1.89  .67 1.64 - 
D 24.50 6.29 17.83 4.18 2.09  .98 18 EA 
E 30.89 10.48 24.78 9.60 2.27 .% 2. А 
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the magnitude of the intertrial-interval effect clearly seems to have 
increased with increased interstimulus similarity. This finding was 
proven reliable by a significant interaction variance [F (4,170) = 
2.86, p < .05]. 

For each subject, the total number of overt errors, most of which 
consisted of intralist intrusions, was divided by the number of trials 
to learn. An analysis of variance of the group means for these data 
(Table 2) showed a positive relation of error frequency to inter- 
stimulus similarity [F (4,170) = 4.23, р < .01] but an indeter- 
minate effect of intertrial interval [F (1, 170) = 1.24, p > 25], as 
well as lack of interaction between the two variables [F (4, 170) 
= 


DISCUSSION 


A theory previously advanced by the writer (Dey, 1966) assumes 
the development of an inhibitory state as an inevitable product of 
associative growth and accounts for distribution-of-practice facili- 
tation by postulating a dissipating property in this inhibitory state. 
A brief account of this theory follows. During the performance of 
any list component, (a) the excitatory potential pertinent to the 
correct response is released and (b) the responses belonging to the 
other list components are evoked by stimulus generalization. The 
conflict from these simultaneously incompatible response tend- 
encies results in the development of an inhibitory potential. During 
the interpolated rest intervals, both excitatory and inhibitory PO” 
tentials are dissipated, but since the dissipation rate is faster for the 
latter than for the former, the net effect of the rest intervals is some 
degree of facilitation. By assuming a positive relationship between 
the conflict-generated inhibition and the strength of conflicting 
responses, which in turn is a positive function of stimulus similarity, 
this theory credits a critical role to interstimulus similarity in the 
distribution-of-practice facilitation of paired-associate learning. The 
evidence of the interaction of interstimulus similarity with inter- 
pair interval in a previous study (Dey, 1966) and with intertrial 
interval in the present study upholds this point. 

The positive relationship between error frequency and inter- 
stimulus similarity, as shown in the present experiment and in cer- 
tain previous studies (Feldman and Underwood, 1957; Underwood, 
1951, 1953a), conforms to the theory here proposed. It may be 
argued that with decreased similarity between stimuli, the stren 
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of the generalized responses is increasingly closer to the reaction 
threshold and hence the probability of their overt elicitation is 
progressively less. On the other hand, the present experiment has 
shown a neutral influence of the distribution-of-practice variable 
upon error frequency. This is as would be expected, since the 
theory explains reduction in the level of interference through rest 
intervals by postulating differential dissipation of exeitatory and 
inhibitory potentials rather than differential forgetting of correct 
and incorrect responses and, therefore, does not predict any differ- 
ence in the strength of the generalized responses when either inter- 
pair or intertrial interval is manipulated. 

Although the theory that attributes distribution-of-practice facil- 
itation to interference in response learning does not stand on a firm 
ground, the importance of response learning in the total learning 
process cannot be overlooked. Large positive transfer to paired- 
associate learning from the prior free learning of response terms 
(Underwood, Ekstrand, and Keppel, 1964; Underwood, Runquist, 
and Schulz, 1959) and the positive relation of such transfer to the 
degree of prior free learning (Underwood and Ekstrand, 1967) 
prove the importance of response learning. It is also to be acknowl- 
edged that in certain circumstances some kind of interference may 
indeed be generated in the course of response learning. Using such 
Tesponse terms as are composed of discrete elements, several studies 
have shown considerable list difficulty as a result of increase in the 
Proportion of elements that are common between the response 
terms (Levitt and Goss, 1961; Newman and Buckout, 1962; Rubin 
and Brown, 1967; Underwood, Ekstrand, and Keppel, 1964). Such 

ndings would not be obtained unless some kind of interference 
Was produced while the elements in the response terms were being 
Integrated. 


Notes 


Reprints are available from the author, whose mailing address is P О. Box 36, 
MeMaster University, Hamilton, Ontario, Canada. Received for publication 
uly, 1970. : 
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SELECTIVE PERCEPTION AND 
THE NUMBER OF ALTERNATIVES 


Kent Gummerman 
University of Texas at Austin 


The subjects saw one of 4 or one of 16 letterlike stimuli, with the choices re- 

duced to 2 before and after (groups BA4 and ВА16) or after (groups A4 and 

A16) the stimulus, which was followed by a masking figure. Identification ас- 

curacy was the same for groups BA4, A4, and BA16; it was considerably 

poorer for group A16. The outcome suggests that selective perception occurs 

a prior knowledge of alternatives—but only if that knowledge simplifies 
e task. 


Lawrence and Coles (1954) were among the first to use a ‘before- 
after’ method to study perceptual tuning (selective perception). In 
their paradigm the subjects learn the stimulus alternatives either be- 
fore or immediately after the presentation of a tachistoscopically 
Presented stimulus. If the stimulus is identified more accurately 
With foreknowledge of the alternatives than without, the explana- 
tion may lie in the selective tuning or preparation of perceptual 
functioning that foreknowledge can allow. 1 Н 

Lawrence and Coles found that prior knowledge of alternatives did 
not enhance performance, but they presented the alternatives as writ- 
ten words rather than pictorially: their stimuli were pictures of ob- 
Jects, and it is unlikely that verbal alternatives could have provided 
enough information about the stimulus pictures to allow the subjects 
to prepare for selective processing of critical stimulus features. Egeth 
and Smith (1967) noted this potential problem and used pictorial al- 

natives in a similar before-after experiment. They also followed 
the suggestion of Long, Reid, and Henneman (1960) and presented 
the alternatives either (a) after the stimulus or (b) both before and 
after the stimulus; the latter condition relieves the memory load that 
exists when alternatives are shown only before the stimulus, Egeth 
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and Smith found that foreknowledge facilitated identification, 
though this facilitation might have been caused by selective ocular 
orientation prior to the stimulus presentation rather than by selective 
perceptual functioning (Gummerman and Munsinger, 1970). With 
alternatives known before the stimulus, the subjects could have 
fixated directly on critical areas of the stimulus field; without prior 
knowledge of the alternatives, fixation could only have been at а 
neutral point, leaving critical features falling on less sensitive retinal 
locations. 

Gummerman (1970) used a before-after design with pictorial al- 
ternatives that made selective fixation impossible, and still he found 
large facilitation with foreknowledge; however, when a patterned 
masking figure was introduced immediately after the stimulus, the 
effect vanished. When no mask was used, the subjects with prior 
knowledge of alternatives apparently were able to make full use of the 
fading stimulus icon (Averbach and Coriell, 1961; Sperling, 1960; 
Neisser, 1967). When the alternatives were withheld until immedi- 
ately after the stimulus, the icon of the stimulus was fading rapidly 
while the alternatives were being processed (see Eriksen and Collins, 
1969) and was of little use after the alternatives were known. When 
an effective mask followed the stimulus, processing of the informa- 
tion in the icon was forced to occur before the physical stimulus ter- 
minated (i.e., before the mask appeared) in all conditions. The mask 
ensured that performance scores were unconfounded measures of per- 
ceptual processing, so the equality of performance with and without 
foreknowledge was strong evidence against the selective-perception 
notion. 

One aspect of the Gummerman (1970) study limits the generality 
of the conclusion just stated: only four stimuli were used, and 
knowledge of alternatives consisted of reducing the choices from four 
to two. In essence, then, the study compared processing when the 
stimulus was either one of two possibilities (the foreknowledge 002" 
dition) or one of four possibilities (no foreknowledge). It is conceiv- 
able that optimally efficient processing strategies were Very simi 2 
in these two cases, so that foreknowledge did not significantly sim 
plify the function required for stimulus identification. If a consider” 
ably larger number of stimuli had been used, foreknowledge might 
have facilitated identification. { 

To explore this possibility, the present study used two groups N 
subjects in a before-after design, with a mask following the stimulus 
in all conditions. One group saw only 4 stimuli (as in the Gummer 
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man, 1970, study), with the choices reduced to 2 either before and 
after or after the stimulus; but the other group saw 16 stimuli in all, 
with choices reduced to 2 either before and after or after the stimulus. 
Foreknowledge was not expected to facilitate performance for the 
first group; but, assuming that the concept of selective perception is 
valid, foreknowledge should have a large positive effect for the sub- 
jects dealing with 16 stimuli. On the other hand, if perceptual func- 
tioning cannot be modified in any way by more precise specification 
of the stimulus to be presented, then the performance of all subjects 
should be identical. 


METHOD 


—Subjects—The subjects were 32 undergraduate females from introductory 
Psychology courses at the University of Texas at Austin. All had normal vi- 
sion, either with or without correction, and had had no previous experience 
in perceptual experiments. Each subject was assigned randomly to one of four 
groups: group BA4 (4 stimuli, 2 alternatives shown before and after the stim- 
ulus), group A4 (4 stimuli, 2 alternatives shown only after the stimulus), 
group BA16 (16 stimuli, 2 alternatives shown before and after the stimulus), 
or group A16 (16 stimuli, 2 alternatives shown only after the stimulus). 


—Apparatus and stimulus materials—A three-field tachistoscope (Scientific 
Prototype, GB), with a 104-em viewing distance, was used to present all dis- 
Plays. The luminances of all displays were about 20 ftL for white portions 
and about 1 ftL for black portions. 

All figures were black on white backgrounds. The stimuli were 4 X 4 square 
matrices, with 12 cells blackened to form likenesses of the capital letters A, 
C, F, G, H, I, K, L, N, O, P, R, T, U, Y, and Z. (Letterlike forms were used 
to provide convenient labels for the subjects.) The matrices, drawn with black 
ink on white index cards, subtended 40 min visual angle on each side. A black 

ation point, 5 min in diameter, appeared at the center of the display. To 
Prevent selective fixation on a particular area of the stimulus field, the bain 
ulus could appear with equal likelihood in one of three positions: 8 o'cloc 5 
12 O'clock, and 4 o'clock on an imaginary clock face centered on the fixation 
oe The distance from the fixation point to the nearest part of each stim- 
lus location subtended 20 min. uu 

© masking pattern—which always immediately followed the termination 
of the stimulus exposure—was a 60 X 60 min black-and-white ‘checkerboard, 
IX small squares on a side (each small square subtending 10 min visual angle, 
the same as the cells of the stimulus matrices). Twenty-two of the cells were 
‘elected randomly and blackened, (When superimposed over the stimulus let- 
ters, the mask shared 11 identical cells with letters C, Н, and I; with all other 
letters, 9 cells were identical.) The complete mask display consisted of three 
'dentical checkerboards: one of the checkerboards was precisely positioned 
ver the center of each of the three stimulus locations. 
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The alternatives were the same size as the stimuli and appeared side-by-side 
(separated by 40 min) 80 min above the top of the 12 o'clock position. 

The subjects in groups ВА16 and А16 saw each stimulus three times (оше 
in each stimulus position). On each of these 48 trials, a different pair of a 
ternatives was displayed; each of the 16 stimulus letters appeared in а pair 
of alternatives six times (three times on the left and three times on the right). 

The subjects in groups BA4 and A4 were divided into four subgroups ae 
cording to which 4 of the 16 stimuli were presented to them: ALNT, СЕКЕ, - 
GHIP, or OUYZ. (These groupings were made randomly.) In each subgroup 
the subjects saw each stimulus a dozen times (four times in each stimulus 
position) and each of the six possible pairs of alternatives eight times. 

In A4 and A16, two ‘dummy’ alternatives were shown before the stimulus 
to make the visual displays similar to those of BA4 and ВА16. The dummy 
alternatives were the same size as the real ones and appeared in the same 
location. Each dummy had 12 cells blackened, forming a ‘plus.’ 


—Procedure—At the beginning of each session, the experimenter explained 
the task and allowed the subject to examine each stimulus for several seconds. 
Thus each subject was aware of the size and composition of the set of stimuli 
to be used. Sixteen practice trials were then taken in the tachistoscope, after 
which the 48 data trials were begun. A 5-min rest period was taken after the 
first 24 trials. 

For each subject the following procedure was used. A trial began with sn 
$-sec presentation of two alternatives and the fixation point. (The alternatives 
were ‘real’ in BA4 and ВА16. The ‘dummy’ alternatives were shown in A4 and 
A10; the subjects were told to look at them as long as they would have if 
they had been real) The subject examined the alternatives and then fi 
the central point. At the offset of the alternatives, the stimulus automatically 
appeared (in one of the three possible positions) for 120 msec. At the offset 
of the stimulus, the alternatives appeared (groups A4 and A16) or reap 
(groups BA4 and ВА16) for 8 sec, accompanied by the mask patterns. 
subject responded by stating the name of the letter she believed was Pf" 
sented; she responded whenever ready, which was usually about 3-5 sec after 
the stimulus offset. A response was required on every trial; no trial-by-trial 
feedback was given. The intertrial interval (during which the display #89 
black) was about 2 sec for groups BA16, A4, and A16; the interval was 
4 sec for group BA4. (The BA4 intertrial interval was longer than the others 
because the displays required more time to change.) A full session 
about three-fourths of an hour. 


RESULTS AND DISCUSSION 


Table 1 provides all data, averaged over subjects. While perform- 
ance in the groups that had foreknowledge of the alternatives (the BA 
groups) was significantly better than in the groups that did not have 
such foreknowledge (the A groups) [F (1, 28) = 5.98, p < 02], 
interaction between the number of stimuli and foreknowledge, shown 
in the last line of the table, is the critical effect for this study. A 
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Table 1. Percent correct identifications 
————————————— 


Group 
Ў € — án 

Stimulus location BA4 м BA16 A16 

8 o'clock 83.6 89.1 81.3 73.4 

12 o'clock 90.6 78.1 91.4 71.9 

4 o'clock 79.7 86.7 92.2 73.4 
Average over stimulus 

location 84.6 84.6 88.3 72.9 


Note: Averages for 8 o'clock, 12 o'clock, and 4 o'clock are 81.9, 83.0, and 83.0 
respectively. 


though performance with or without foreknowledge was identical for 
the subjects presented only 4 stimuli (confirming the Gummerman, 
1970, finding), performance with foreknowledge was considerably 
better than performance without for the subjects seeing 16 stimuli. 
This interaction effect was reliable [F (1, 28) = 5.98, p < 02).* This 
outcome is clear evidence that foreknowledge of alternatives can fa- 
tilitate identification of tachistoscopie stimuli—but only when fore- 
knowledge significantly reduces the size of the effective шд et 
(the number of stimuli that the subject must consider at the time of 
stimulus exposure). reducing 

When the total stimulus set contained only 4 stimuli, 
the effective set to 2 stimuli apparently allowed no noticeable 
change in perceptual processing strategies. In other жопа, эе 
ceiving one of 4 stimuli was no more difficult than perceiving к» 
of 2. However, when the effective set contained 16 stimuli, the per- 
ceptual task was more demanding. And while group А16 may have 
extracted no less information from d T Afin 
Stoup, the probability was lower that OM наб 
obtained was ore the information they needed to 
between the members of all the pairs that could have ар "s 
the stimulus, Foreknowledge made it more likely, for group ВА 
that the information obtained was relevant to oe ee 
question. Selective perception, then, does exist; it еее юрис 
чч of ‘instructions’ as to which of the stimulus attributes are task- 
televant and should be processed. ; 

Two further outoon should be mentioned. First, the size of the 
difference between the groups that had foreknowledge and those 
that did not was not the same in all three stimulus locations 
(F2,56) = 445, p < 02]. The difference was greatest at the 12 
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o'clock and smallest at the 8 o'elock position. The cause of this 
effect is not clear; but since it did not interact further with the 
number of stimuli, the principal outcome of the study is not affected. 

Second, the performance of subjects who saw only four stimuli 
differed aecording to the particular subsets of stimuli presented 
them. The average scores corresponding to the subsets were: 
АТАТ, 958%; СЕКЕ, 82.3%; GHIP, 87.5%; OUYZ, 72.9%. 
In an analysis of variance done on the scores of the subjects who 
saw four stimuli, this subset effect was significant [F(3,8) = 4.50, 
p < .05] but did not interact with foreknowledge of the number 
of alternatives or with stimulus location, A subset difference had 
been foreseen, but it was expected to be related to the number of 
identical cells in the members of the six alternative pairs in each 
subset. No such relationship resulted, however; and no other reason 
for these differences is obvious. 


Notes 


This research was supported by the National Science Foundation’s University 
Science Development Program, Grant GU-1508. Thanks are extended to Rich 
ard C. Kevin for preparation of the apparatus and stimulus materials; to 
George A. Hill for data collection and analyses; and to Clarke A. Burnham, 
Dennis McFadden, and Cynthia R. Roberts for their comments on an early 
version of the manuscript. The author's address is at the Department of Psy- 
chology, Mezes Hall 211, University of Texas at Austin, Austin, Texas 
Received for publication August 12, 1970. 

l. Four subjects were discarded and replaced. Three were in group A16: one 
had previous tachistoscopic experience in a speed-reading course, one had 

no sleep the night before, and one was extremely sensitive to bright light 
One subject in BA4 was receiving medication that dilated the pupils. If these 
subjects had not been replaced, the average A16 score would have been 7015 
correct and the average BA4 score 84.4% correct. The results of the sta 
analyses would not have been different. 

2. Coincidentally, the mean squares for this interaction (foreknowledge by 
number of stimuli) and for the main effect of foreknowledge (BA versus 
were identical. 
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SUM OF EVENT PROBABILITIES AND SUBJECTIVE 
ESTIMATES OF PI IN PROBABILITY LEARNING 


Gloria J. Fischer 
Washington State University 


Students had 300 prediction trials on two-choice contingent-probability event 
ratios with sums less than, equal to, or greater than one; then they estimated 
the probability of the most frequent event. Their asymptotic prediction varied 
with their subjective estimates of the event’s probability, rather than with its 
actual probability of occurrence. Specifically, they underestimated when the 
ratio summed to less than one and overestimated when it summed to more 
than one, apparently because they assumed that the events were mutually 
exclusive. 


Human subjects usually match event frequencies in their environ- 
ment; that is, they predict events in accordance with their fre- 
quency of occurrence. Only rarely is the most frequently occurring 
event, E, predicted more often than its probability of occurrence, 
т. This overshooting is produced by an increase in the utility 
of predicting correctly or incorrectly (Siegel, 1959). It also occurs 
with the use of a procedure designed to convince the subjects that 
the sequence of events is random, as in a gambling task (GoodnoW; 
1955; Peterson and Uhlela, 1965). Studies varying = differences 
and ratios suggest that overshooting also occurs when the 
ratio sums to less than one (X т; < 1, where mp is the probability 
of event ,). 7 

Such z ratios with sums of less than one have been used 2 
several studies of contingent-probability learning (e£; Bron 
Sakoda, and Woods, 1957; Brand, Woods, and Sakoda, 1956). 
In 28 of some 30 such instances, the proportion of Ei predictions 
p(Ax), was greater than the actual probability of that most 
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quently occurring event; in brief, overshooting occurred. The 
majority of cases occurred in the two studies cited, both of which 
varied the difference between two-event probabilities over a wide 
range of т ratios [т differences (m, = ma) = .2, 3, 4, or 5, and 
+ ratios = 2, 3, 6, or 11]. An increase in « difference (especially 
when the difference was greater than or equal to .4), but not in « 
ratio, was found to enhance p(A;). 

Several studies have varied ғ ratios that did sum to one (X T 
= 1); and matching, rather than overshooting, has been found. One 
of the most elaborate of these studies used a three-choice task and 
decreased 7 systematically (Little, Brackbill, Isaacs, and Smelkin- 
son, 1963). The p(4,) was found to vary directly with e, with no 
evidence of overmatehing at low values of x. On the contrary, there 
was a tendency to undermatch ~ values less than or equal to 7. 
This latter finding suggests that overshooting of x when the ratio 
sums to less than one (X т; < 1) is not due to low values of =. It 
might be due, rather, to some effect of blank (Eo) trials on the sub- 
jects’ subjective estimates of event probabilities. That is, the sub- 
jects might tend merely to fill the void—to distribute the E, trials 
equally among the events and thus estimate a 65:15 ratio as 75:25. 
This is especially likely if the subjects are told that one of two 
Possible predictions is correct on every trial, as was done in many 
of the contingent-probability learning studies cited (eg., Brand, 
Sakoda, and Woods, 1957). If the subjects distributed E, trials 
Proportionally rather than equally in a 65:15 ratio, thein соме 
Would be closer to 80:20. Either way, overshooting would be sub- 
stantial. М 

The present experiment tested further the hypothesis that ratio 
Sums of less than one enhance the proportion of E, responses, and 
attempted to relate the effect to subjective estimates of event prob- 
abilities. The hypothesis that X т, < 1 enhances (А) was tested 
by varying r ratios so that Хт; > 1, = 1, or < 1, while holding the 
т difference a constant .5. Groups were given 300 trials on choice 
ratios of 95:45, 85:35, 75:25, 65:15, 55:5, or 50:0. If p(A:) varies 
With =, the relation between p(4:) and should be essentially 
linear, with slope т. If X я < 1 enhances р(41), however, the rela- 
tion between D(A3) and т or Х т; should be curvilinear, with je 
less than 7. The possibility that overshooting of т with X т < Н 
Tesults from effects of Ep trials on subjective estimates of рох 
Probabilities was assessed by asking the subjects to estimate т 


© end of the experiment. 
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METHOD 


—Subjects—A total of 102 students from introductory psychology courses were 
assigned randomly to one of three experimenters and to опе of six т ratios. 
Participation fulfilled part of a course requirement. 

—Apparatus—A large white board facing the subject contained a white signal 
light centered above two red event lights. Immediately below the event lights 
were two predictor levers. Each lever was connected to a preprogrammed 
punched tape with the appropriate probability of triggering its respective 
event light. A timer was connected so that in a 15-sec interval after a lever 
press, the tape controlled by that lever advanced one step. Eleven tapes were 
punched so as to yield r values over 300 trials of .95, 85, .75, .65, 50, 45, 35, 
25, 15, or 05. The sequence of events was randomized independently for 
each т value (for each tape) over successive sets of 100-trial blocks. It can 
be seen, therefore, that the six r ratios used (50:0, 55:5, 65:15, 75:25, 85:35, 
and 95:45) were derived from these 11 tapes. 

—Procedure— The subjects were instructed to predict the light they thought 
would come on by pressing the lever immediately below it. They were told to 
avoid a trial-by-trial approach as much as possible and, instead, to use 8 
strategy that would yield as many correct guesses as possible over the entire 
session of 300 trials. The subjects got feedback on correct prediction trials 
only, thus learning under а noncorrection or contingent method. At the end 
of 300 trials they were asked to estimate the probability of the left (т) event. 


RESULTS AND DISCUSSION 


Figure 1 shows group mean proportions of E, predictions, р(А)), 
over the last block of 100 trials, as a function of the actual E; event 
probabilities, т. Shown too are the mean subjective estimates of Е, 
probabilities, #. It is clear, first of all, that the subjects’ predic- 
tions did not vary as a function of r, since the slope of »(A) de- 
viates substantially from т. Instead, as expected from results of 
prior studies, p(A;) undershot + when = т, > 1 and overshot * 
when Z m, < 1. Alone, these results support the view that ratio 
sums of less than one produce overmatching. However, the similar 
shape and slope of the p(A,) and 4 curves shows that the subjects 
actually were overmatching their own subjective estimates of т. 
Since this overmatching occurred at all r ratios, it cannot be at- 
tributed merely to ratio sums of less than one (2 т, < 1). It К 
likely to have resulted, instead, from the instructions used, since 
they were based on instructions previously found to produce over 
matching (Braveman and Fischer, 1968). 4 

If prediction, p(A,), varies directly with subjective estimate, 1 
why doesn't the estimate vary directly with the actual probability, 
т? A comparison of # and т curves in Figure 1 shows, instead, 
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Estimated E, Event Probobility, 77 


and Response Probobility, p(A,) 


Most Frequent Event Probability, - 77 
Fig. 1. The relation between the proportion of trials 201-300 on which sub- 
Јесіз predicted the most frequent event, p(A:); the subjects’ subjective esti- 
mate of the most frequent event probability, #; and the actual probability 
of the most frequent event, т 


# is above + when Z v, < 1 and below r when Z т, > 1. Clearly, 
the subjects must have assumed that the events were mutually ex- 
clusive—even though they were not told this was so, and in spite 
of some extremely deviant (from = т, = 1) r ratios, such as 50:0 
and 95:45. Under- and overestimation of r in such circumstances 
Tesulted necessarily from the mutual exclusivity the subjects im- 
Posed on the sequence of choice events. One may conclude that 
p (41) varies with # in human probability learning. And that # 
m turn varies with m, except when events are not mutually exclusive 
as in contingent-probability learning) and deviate substantially 
from the ratio sum (Z v, — 1) imposed by the subjects' assumptions 
that the events are mutually exclusive. 

Notes 


que author thanks several undergraduate students for their assistance: John 

^mbers and Steve Start helped with construction of the apparatus, and 
"i Y and Sally Pederson collected pilot data; Joe Casey, Dave Tice, and 

fare Willoughby collected the data reported. Received for publication Au- 
St 3, 1970, 


References 

Brand, Н, Sakoda, J. M., and Woods, P. J. 1957. Contingent partial rein- 
forcement and the anticipation of correct alternatives. Journal of Ez- 
perimental Psychology 53:417-424. 


Brand, H., Woods, P. J., and Sakods, J. М. 1956. The anticipation | 
ward as a function of partial reinforcement. Journal of E 
Psychology 52:18-22. 

Braveman, N. 8, and Fischer, G. J. 1968. Instructionally induced 
БАЙ sequential information in probability learning. Journal of 


Goodnow, J. J. 1955. Determinants of choice-distribution in t 
uations. American Journal of Psychology 68:106-116. 
Little, K. В, Brackbill, Y., Isaacs, R. B. and Smelkinson, N. 1903. 

ther test of a general utility theory model for probability И 


Journal of Psychology 66:107-108. 
Peterson, C. R., and Ulehla, Z. J. 1965. Sequential patterns and 
Journal of Psychology 69:14 


SPECIFIC-PAIR INTERFERENCE ON RECALL AND 
ASSOCIATIVE-MATCHING RETENTION TESTS 


Dennis J. Delprato 
Eastern Michigan University 


Retention of original-learning AB pairs was tested—by modified free recall 
and by associative matching—after irrelevant activity (control), unmixed AC, 
unmixed DC, and mixed AC/DC interpolated learning. The experimental sub- 
jects showed specific-pair interference on both tests, with no reliable difference 
between the mixed-list condition and the unmixed-list conditions. 


One version of the interference theory of forgetting (McGovern, 
_ 1964) predicts that specific original-learning associations should be 
unlearned whenever identical stimuli have different responses in 
successive, interpolated-learning, lists—the AB-AC paradigm. But 
such specific associative effects have yet to be unequivocally dem- 
onstrated (Bogartz, 1965; Ceraso, 1964, Ceraso and Tendler, 1968), 
and continued failure to obtain them may well demand a revision 
of interference theory. For example, Postman has recently а 
4 view of retroactive inhibition, similar to an earlier position New- 
ton and Wickens, 1956), which emphasizes generalized interlist 
Tésponse competition, rather than individual stimulus-response in- 
cam (Postman and Stark, 1969; Postman, Stark, and Fraser, 

). 


Melton (1961) has outlined an attack on the question dotes 
*ssociative unlearning as follows: (a) devise an interpolated- 
learning mized list on which some original-learning prc 
forresponding pairs while others do not (an AB-AC/DC list, which 


е AB-DC paradigm while the AB items in the AB-AC paradigm 
‘ould show the effects of specific associative unlearning. The 
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rationale of this mixed-list design is that any general interlist 
effects (as opposed to specific interlist, or stimulus-response, effects) 
should influence the AB pairs of the two paradigms equally. 

In the present investigation, Melton’s outline was followed in 
order to determine whether specific-pair interference could be 
shown in a typical retroactive-inhibition situation. Basically, 
McGovern’s analysis of unlearning (1964) provided the frame- 
work for two experiments. 

In Experiment I, an unpaced modified free-recall test of original 
learning was used. This test, which requires recall of responses, 
permits measurement of the recallability of the original-learning 
responses of specific pairs. Previous experiments in which specific 
item effects were not obtained have all required some form of 
response recall (Bogartz, 1965; Ceraso, 1964; see also Ceraso and 
Tendler, 1968). It does seem possible that general interlist ef- 
fects conceal specific effects on such tests; Postman’s notion of 
functional original-learning response suppression suggests 80. In- 
deed, we must note that absence of specific effects on such tests 
cannot provide conclusive evidence against specific-pair interference. 
For, in terms of MeGovern's distinction between unlearning in the 
response-recall and associative phases of paired-associate learning, 
equivalent response recallability for DC and AC pairs precludes 
the manifestation of differences in associative strength when the 
subject is required to recall responses. Still, if tests of response 
recall do mask specific item interference, previous failures to ob- 
tain specific effects could be accounted for on this basis. 

Experiment II used an unpaced associative-matching test of 
retention of original learning. Since all original-learning stimulus 
and response terms are made available to the subjects on this test, 
any potential response-suppression or related response-recallability 
influences should be eliminated. Thus, the test allows measurement 
of specific associative retention independent of response recalla- 
bility. Whether specific-pair interference is not a factor in retro- 
active inhibition, or is masked on tests of response recall, shoul 
be reflected on the associative-matching test. 

In addition to mixed-list conditions, typical unmixed-list groups 
were tested in both experiments. In an interpolated-learning wa 
mized list, there are only AC or only DC pairs. Because of this, 
specific and general interlist effects cannot be distinguished. But 
unmixed lists can be compared with mixed lists on degree 0 
interference when the same materials were used in the two types 
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of lists. If retention of AB pairs is not different with a mixed list 
(AB-AC/DC) but is different on typical unmixed lists (AB-AC 
and AB-DC), then only general interlist interference effects would 
appear to be implicated in retroactive inhibition. 


METHOD 


—Design—Since Experiments I and II differed only with respect to the reten- 
tion test, they may be described together. In each experiment, three erperi- 
mental groups had original learning followed by either unmixed AC (all in- 
terpolated-learning pairs AC), unmixed DC (all interpolated-learning pairs 
DC), or mixed AC/DC (half of the interpolated learning pairs AC, the other 
half DC). The retroactive-inhibition control group had only original learning. 


—Materials and notation—The eight-item paired-associate lists contained two- 
syllable adjective response terms that had minimal similarity of meaning. One 
set of eight words was used for original learning, and the other eight words 
were used in interpolated learning. All responses began with a different letter. 
Two stimulus-response pairings of the original-learning list (AB) were used 
equally often in each group. Stimulus terms of the original-learning list were 
honsense syllables with a mean Archer (1960) association value of 622. Intra- 
list stimulus similarity was kept minimal by using 16 different consonants and 
by using no vowel more than twice. 1 

Original-learning AB pairs were defined by the pairs of the interpolated- 
learning lists. First, for each stimulus-response pairing of the AB list, unmixed- 
AC and unmixed-DC lists were constructed. In the DC list, three-digit num- 
bers were used as stimuli. Intralist similarity of the numbers was kept at a 
minimum. The AB pairs are referred to as AC or DC pairs, depending on the 
kind of unmixed list received. Then, for the mixed-list condition, two versions 
of the interpolated-learning list were formed for each of the two versions of 
the AB list in such a way that each AB pair was an AC and DC item equally 
often. Four randomly selected items from each of the unmixed-AC and un- 
mixed-DC lists formed one mixed list, and the remaining four items from 
each unmixed list served as the other mixed list for each of the two versions 
of the AB list. Thus, in the mixed-list condition the original-learning AB pairs 
that had corresponding interpolated-learning AC pairs are referred to as AC 
Pairs; the original-learning items to which no interpolated-learning pair cor- 
Tesponded are referred to as DC pairs. 


—Procedure— Lists were presented at a 2:2-sec rate with a 4-sec intertrial 
interval, There were four random orders of the pairs in each list, and each 
Was used as the starting order equally often. All subjects learned the original 
JSt to a criterion of one perfect trial. Experimental subjects practiced on me 
Interpolated list for 14 anticipation trials after an initial study trial. The in- 

"list interval was 1.5 min. Control subjects spent the period of time re- 
"Wired for interpolated learning on а digit-cancellation task. - 

The subjects took the original-learning retention test immediately after the 


digit-cancellation task or interpolated learning. The unpaced recall test of 
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Experiment I consisted of a booklet in which the eight stimuli of original 
learning were presented, one per page. The subject went through the booklet 
and wrote as many responses under the appropriate syllables as he could. 
After he indicated he was finished, the experimenter asked him to write on 
the back of the last page any responses from original learning that he had 
not already written but still could recall. The associative-matching test of 
Experiment II was identical to the recall test except that the original-learning 
responses were made available on a sheet of paper given to each subject. 


—Subjects—In each experiment, 64 male and female introductory psychology 
students were assigned sequentially to groups of 16 subjects via block ran- 
domization. 


RESULTS 


The mean number of trials to the original-learning criterion in 
Experiment I ranged from 13.31 to 14.69 (ps > .50). In Experiment 
IL, these means ranged from 11.06 to 14.63 (ps > .10). Thus, the 
groups within each experiment were adequately matched with re- 
spect to original-learning performance. 


Experiment I 


The mean retention scores for original learning on the recall test 
of Experiment I are shown in Table 1. The protocols were scored 
stringently (response considered correct only if paired with appro- 
priate stimulus) and leniently (total response recall) 2 

The basic analysis of the mixed-list condition was an analysis of 
variance by group (experimental versus control) and pairs (AC 
versus DC), with the former variable a between-subjects effect and 
the latter a within-subjects effect. In Experiment I, the effect of 
groups was significant (F = 13.14, df = 1/30, p < .005), indicat- 


Table 1. Mean retention scores on the response-recall test, Experiment I 
2 = S ree co hoe 


Experimental groups Control group 


Stringent scores 


Mixed list 2.44 3.25 3.69 3.81 
Unmixed list 4.44 7.31 7.50 

Lenient scores 
Mixed list 2.63 3.38 3.81 3.81 
Unmixed list 4.88 7.44 7.62 
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ing that retroactive inhibition was obtained. The effect of pairs was 
also significant (F = 5.87, df = 1/30, p < .025), while the inter- 
action of groups and pairs fell short of significance (F = 3.15, df = 
1/30, p > .05). 

Individual comparisons are of critical importance to questions 
about specific associative effects in the mixed list.’ As suggested in 
the introduction, if specific-pair interference is a factor in retroac- 
tive inhibition, recall of AC pairs should be inferior to recall of DC 
pairs in the mixed-list condition. Specifie-pair interference was 
found, in that these subjects recalled significantly fewer responses 
from AC pairs than from DC pairs (F = 8.80, df = 1/30, p < .01). 
The AC versus DC comparison within the control group was far 
from significant (F < 1). Other individual comparisons in the 
mixed-list condition showed reliable differences between the experi- 
mental and control groups (retroactive inhibition) for both AC and 
DC pairs (F = 22.30, df = 1/30, p < .001, and F = 4.52, df = 
1/30, p < .05, for AC and DC respectively). 

Significant variation was found among the means in the unmixed- 
list conditions (F = 24.88, df = 2/45, p < .001). Newman-Keuls 
individual comparisons indicated significant retroactive inhibition 
for AC (p < .01) but not for DC (p > .05). As is typically the 
case with unmixed lists, AC was inferior to РС (p < 0D. — 

In order to compare the amount of interference in the mixed list 
with that in the unmixed list, the mixed-list scores were converted 
to a base of 8, then mixed list versus unmixed list differences were 
analyzed for AC and DC separately. This transformation yielded 
Means of 4.88 and 6.50 for mixed-list AC and DC pairs respectively. 
Amount recalled was not found to be reliably different in the two 
types of list (ps > .10), which suggests that specific-pair interfer- 
ence was also evident on the unmixed lists, since (a) specific effects 
Were obtained on the mixed lists and (b) equivalent recall scores 
Were obtained on mixed and unmixed lists. 


Experiment II 


. The mean numbers of original-learning pairs correctly matched 
T Experiment II are presented in Table 2. Analysis of the mixed- 
st condition yielded a significant effect of group (experimental 
versus control; F = 16.20, df = 1/30, p < .001), of pairs (AC 
versus DC; F = 8.59, df = 1/30, p < .01), and of their interaction 
(Fs 8.59, df = 1/30, p < 01). Specific-pair effects were obtained 
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on the associative-matching test, since these subjects matched sig- 
nificantly fewer AC pairs than DC pairs (F = 17.18, df = 1/30, 
p < .001). While reliable retroactive inhibition was indicated for 
AC pairs of the mixed list (F = 24.41, df = 1/30, p < .001), it was 
not found on DC pairs (F = 3.03, df = 1/30, p > .05). 


Table 2. Mean retention scores on the associative-matching test, Experiment II 


Experimental groups Control group 
AC DC AC DC 
Mixed list 2.81 3.50 3.88 3.88 
Unmixed list 6.19 7.19 7.75 


The results for the unmixed-list conditions were similar to those 
of the mixed-list group (and to the unmixed-list groups of Experi- 
ment I). That is, significant retroactive inhibition was found with 
AC interpolation (p < .01), but not with DC interpolation (p > 
.05). Also, original-learning matching was significantly better m 
the DC than in the AC group (p < .05). 

When the mixed-list scores were converted to a base of 8, the 
means were 5.63 and 7.00 for the AC and DC pairs respectively. 
These transformed scores of the mixed-list condition were not sig- 
nificantly different from the corresponding scores of the unmixed- 
list groups (ps > .30). Thus, as in the recall test of Experiment I, 
proportion of interference did not differ for mixed and unmixed lists. 
If specific-pair interference accounts for the associative-matehing 
differences on the mixed list, it seems appropriate to conclude that 
specific-pair interference was also evident with the unmixed lists. 


DISCUSSION 


Assuming that Melton’s outline is sound, the data of both Exper- 
ments I and II support the notion that interference between specific 
interlist pairs is a factor in retroactive inhibition. The speculation 
that specific-pair interference is masked on tests of response recal 
was not substantiated, since such interference did influence response 
recallability in Experiment I. In addition, when response-recallabil- 
ity effects were eliminated on the associative-matching test of " 
periment II, specific interference was obtained. It is important t0 
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note that the present findings in no way deny that general interlist 
effects are factors in retroactive inhibition; they do indicate that 
recent attempts to minimize specific associative unlearning (Post- 
man and Stark, 1969; Postman, Stark, and Fraser, 1968) may be 
premature. 

A certain theoretical difficulty within interference theory has 
justified searches for alternatives to specific associative unlearning. 
There has been a close relationship between the hypothesis of spe- 
сібе-раіг unlearning and the elicitation-extinction hypothesis (Kep- 
pel, 1968; MeGovern, 1964). The latter has been considered the 
mechanism of unlearning and assumed to be both association- 
specific, resulting in stimulus-response unlearning, and general (con- 
text-response) , resulting in response unlearning—and the results of 
several recent experiments have demonstrated that it has serious 
shortcomings (Birnbaum, 1968; Tulving and Madigan, 1970; 
Zavortink and Keppel, 1969). However, it should be pointed out 
that the apparent failure of the elicitation-extinction hypothesis 
does not imply that specific associative effects are unimportant 
Sources of interference. And although generalized interlist response 
competition can perhaps account for losses in response recallability, 
an alternative to the elicitation hypothesis as a mechanism for 
specific associative unlearning is still needed. 

One alternative is that the requirement to learn new Tesponse с 
to original-learning stimulus A is conducive to loss of implicit media- 
tors that underlie AB associative hookup. Although Adams and 
Montague (1967) found no decrease in number of reported original- 
earning AB mediators after AC practice (in direct contrast to this 
alternative hypothesis), they used words as stimulus and response 
terms in their lists, and it may well be that mediators between such 
highly meaningful items are more resistant to retroactive loss than 
are mediators between items of lower meaningfulness. 

The suggestion that loss of mediators is critical for specific asso- 
ciative unlearning has several testable implications. First, obviously, 
АВ-АС practice should adversely affect retention of original-learn- 
Ing mediators, Second, the.amount of specific associative unlearning 
should vary inversely with number of original-learning mediators 
Available at the time of retention, and the relationship between 
Available mediators and retention must be pair-specific. Third, if 
Mediators are more resistant to disruption as meaningfulness of the 
Members of original-learning pairs increases, specific associative 
Unlearning should vary inversely with stimulus and response mean- 
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ingfulness. Indirect evidence that mediational activity is involved 
in the resistance of specific pairs to unlearning has been obtained by 
M. H. Garskof (1968) and Garskof, Sandak, and Malinowski (1965), 
who found that instructions to mediate decreased stimulus-response 
unlearning on an associative-matching retention test. But whether 
or not specific-pair interference is a matter of the loss of mediator 
availability, it seems clear that specific associations are liable to un- 
learning effects. 


Notes 


The research was supported in part by Grant HD02626-02 from the National 
Institutes of Health to B. E. Garskof. Portions of Experiment II were pre- 
sented at the meetings of the American Psychological Association, Washing- 
ton, D. C., September, 1969. Received for publication October 1, 1970. 

1. Since construction of the interpolated-learning list distinguished between 
mixed- and unmixed-list conditions, a single group served as the (retroactive- 
inhibition) control group for both conditions. 

2. Only the results of the analysis of stringent scores are discussed, since the 
analysis of lenient scores led to essentially the same conclusions. 

3. These comparisons followed Winer (1962, pp. 310-311). 
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THE EFFECTS OF EXPECTED VALUE DIFFERENCE 
AND EXPECTED REGRET RATIO ON 
PREFERENCE STRENGTH 


Wayne Lee 
Bell Telephone Laboratories, Holmdel, New Jersey 


In two experiments on the effects of expected value difference (D) and ex- 
pected regret ratio (R) on the strength of preference between gambles, D and 
R were unconfounded. It was found that D can affect preference strength 
when Ё is controlled, and vice versa. The results, however, show that there 
are strong determinants of preference strength other than D and R—determi- 
nants as yet not satisfactorily accounted for. 


In another paper (1971), Lee has discussed two indices that have 
been related to strength of preference for one gamble over another. 
In particular, the paper concerned choice situations that can be 
characterized by the payoff matrix: 


On each trial, the subjtct must choose one of two alternatives, а OF B 
(a and 8 are also called gambles). There are two so-called states of 
nature, corresponding to the two columns. The left column obtains 
with probability P, and the right column obtains with probability 1 
— P. The cells a, b, c, and d are the possible payoffs to the subject 
(usually real or make-believe monetary amounts). The particular 
payoff he receives on a given trial depends on his choice and on the 
state of nature, which is not revealed until after he makes his choice: 

A number of experimental studies have been concerned with what 
might be called the subject/s strength of preference for one possible 
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choice over the other (Edwards, 1956; Mosteller and Nogee, 1951; 
Myers, Reilly, and Taub, 1961; Myers, Suydam, and Gambino, 
1965; Suydam, 1965; Taub and Myers, 1961). The strength of pref- 
erence has been measured in two ways: by the probability, p (a 8), 
that a is chosen rather than £; and by the subject’s direct ratings of 
his strength of preference for a over f (or vice versa). 

Two indices have been proposed to account for the different 
preference strengths found as a function of variation in payoffs 
and state-of-nature probabilities. One is the difference in expected 
value (D) for the two gambles. The other index is the expected re- 
gret ratio (R), which has also been called “expected loss ratio” and 
"relative expected loss” (Suydam, 1965; Edwards, 1956). Let = a 
— c and y = d — b. When z and y are positive, the expected value 
difference, ЕУ. — EV, is 


D(aB) = Px — (1 — Py Ш 
and expected regret ratio is 


Р 

R(oB) = Р»+@—Р)у [2] 
(for а more detailed discussion of these indices, see Lee, 1971). 

Previous research has shown that preference strength increases 
with D (Mosteller and Nogee, 1951; Myers, Reilly, and Taub, 1961; 
Suydam, 1965; Myers, Suydam, and Gambino, 1965) and with R 
(Edwards, 1956; Taub and Myers, 1961; Suydam, 1965; Myers, 
Suydam, and Gambino, 1965). However, in previous research D 
and R have been strongly confounded, and the independent effects of 
these two indices have not been determined. Lee (1971) showed how 
to construct sets of payoff matrices orthogonal (unconfounded) in 
D and R. The present paper reports two experiments designed to 
assess the independent effects of D and R on preference strength. 


EXPERIMENT I 


Method 


orthogonal in D and R was constructed, 
d 16), each combined with three levels 
for given values of 


К А basic set of nine payoff matrices 
Sing three levels of D(ag) (4, 8, an 

of R(ag) (8, 75, and 9)3 P was 1/2. As Lee has shown, 
(ав), E (a8), and P, опе can compute 


D(ap)R(a DODI = REO. 
“з FB f and у= q — PERGA — 1] 
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Since z = a — c and y = d — b, further constraints are necessary to deter- 
mine the payoffs. For the basic set (set A) of matrices, b and c were arbi- 
trarily set equal to 0. Two other sets of nine gamble pairs were formed by 
transforming the first set. Set B was formed by adding 10 to each payoff in 
set A, and set C was formed by adding —10 to each payoff in set A. Such 
transformations do not affect z and y, so they leave the D and R values um- 
changed. Also, since the same constant was added to each column of the pay- 
off matrix, the variance of each gamble (a and 8) remained unchanged under 
the transformations. The 27 payoff matrices thus derived are shown in Table 1. 

Each subject had to choose once between a and £ for each of the 27 payoff 
matrices, and to rate his strength of preference for each choice over the other 
alternative. Table 2 illustrates the method of presentation for each gamble 
pair. Each subject received a booklet with 27 pages, with one such presenta- 
tion on a page. A different random order of presentation was used with each 
booklet. 

The subject was told that the state of nature for each payoff matrix would 
be determined by throwing a die with WUH printed on three sides and ZEQ 
printed on the other three sides. Such a die has been shown to yield subjec- 
tive probabilities of 1/2 for each possible outcome (Davidson, Suppes, and 


Table 1. Payoffs for gamble pairs, Experiment I 


4 24 0 a 0 9 0 

0 16 0 ‘4 On sn 

8 48 0 24 0 18 0 

0 32 UAE о 2 

16 96 0 48 0 36 0 

0 64 0 16 0 M 

Set B 

4 34 10 22 10 19 10 

10 26 10 14 10 11 

8 58 10 34 10 28 10 

10 42 Un eu 10 10 

16 108 10 58 10 46 10 

10 74 10 26 10 и 

Set C 

4 14 —10 2 —10 —1 -10 

Sio. „6 10 суб -10 -9 

8 38 —10 14 —10 8 -10 

—10 22 10) ves o -10 — 

16 86 —10 38 —10 26 “x 

—10 54 —10 6 LX 


gel, 1957). No such die was actually present. The subjects 
| die would be thrown 27 times afterwards and that the 
rix would be determined jointly by their choices and by the outcome 


j 
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lie throw. 
е subjects were told to imagine that the payoffs were amounts of money, 
th they realized that no money would actually change hands. Twenty- 
be of them were told that the payoff matrix entries were pennies, and the 
те told they were dollars, In essence, payoffs for the latter group were 
d from those of the former group by use of a constant multiplier, 100. 
constant multiplier does not affect the R of a payoff matrix; D, bow- 
altered by the same ratio as the individual payoffs. 

Ihe gamble with the higher expected value was not always placed in the 

ow of the matrix. Its placement was random across subjects and 

The top row, however, was always labeled A. The 


male college students were utilized. They were sent by the University of 
omnia employment center to participate for a fixed stipend. 


Tow) every time; one appeared to choose completely ran- 
and one did a lot of erasing, against instructions. This ce 
ects in the dollars group and 18 in the pennies group for 

of variance. 
h response was coded as an integer from 1 through 8: 8 meant 
t the subject had a ‘very strong preference’ for the higher ex- 
led-value choice, and 1 meant he had a 'very strong preference 


= - 


for the lower expected-value choice. Intermediate responses were 
assigned values of 2 through 7, with the higher scores indicating | 
greater degrees of attraction to the higher expected-value gamble. | 

An analysis of variance was performed on these scores. Factors 
in the analysis were D (three levels), R (three levels), set of nine | 
bet pairs (three levels), and instructions (two levels). Only instruc- 
tions was a between-subjects factor. 

The only significant effects were the main effects for D [ F(2/00) - | 
= 103; p < .005] and set [F(2/60) = 7.2; р < .005]. The mean © 
ratings for the three levels of D, from low to high, were 6.81, 6.94, 
and 7.24. The greater the difference in expected value, the more the 
higher expected-value gamble was preferred to the other. The mean 
ratings were linear with expected value difference. The mean rat- 
ings for sets A, B, and C were 7.16, 6.99, and 6.82 respectively. The 
basic set (with zeros along a diagonal) had the highest average rat- 
ing. Perhaps preferences were more clear for these pairs, since it 
was obviously necessary to compare only two numbers to decide on 
preference. It also appears that subjects give higher preference rat- 
ings when they cannot lose (set B, which has only positive entries 
in the matrix) than when losses are probable (set C). А 

What happened to the R effect that one would expect from previ- 
ous studies? Though the effect of this factor did not reach conven- 
tional levels for acceptance, the mean ratings for the three levels of 
R (.6, .75, and .9) were 6.91, 7.01, and 7.06 respectively, which is 
the expected order. 


EXPERIMENT II 


The lack of a significant R effect in Experiment I did not appear 
to be in accord with previous experimental results. Since an R effect 
was suggested by the data, however, it seemed possible that an R 
effect could be obtained if a greater range for R were employed. 
Such an increment in range would not result in more excessive / 
values than previous experimenters have employed. Therefore, it 
was decided to perform a second experiment similar to the first but 
using a larger range for R. Some other features were changed #00: 


Method 


A second set of gamble pairs was constructed, with R values of 55, 75, and 


95. Also, an attempt was made to reduce the number of subjects who ye 
always have a very strong preference for the higher expected-value gam 


| 
| 
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Table 3. Payoffs for gamble pairs, Experiment II 


R 
D 55 75 95 
Set A’ 
5 5.50 .00 1.60 .0 1.06 .00 
.00 4.50 .00 .50 .00 .06 
1.0 11.00 .00 3.00 .00 2.1 .00 
.00 9.00 .00 1.0 .00 п 
1.5 16.50 .00 4.50 .00 3.17 .00 
.00 13.50 .00 1.50 .00 AT 
Set B' 
5 3.50 2.00 —.50 2.00 -.94 2.00 
—2.00 6.50 —-20 2.50 -2.00 2.06 
1.0 9.00 2.00 1.00 2.00 1 2.0 
—2.00 11.00 —2.00 3.0 -2.0 2.11 
1.5 14.50 2.00 2.50 2.00 1.17 2.00 
—2.00 15.50 —2.0 3.50 -2.00 2.17 
Set C' 
5 7.50 —2.00 3.50 —2.00 3.00 —2.00 
2.00 2.50 2.00 —1.50 2.00 —1.94 
1.0 13.00 —2.00 5.00 —2.00 4.11 -2.00 
2.00 7.00 2.00 —1.00 2.00 —1.89 
1.5 18.50 —2.00 6.50 —2.00 5.17 —2.00 
2.00 11.50 2.00 — .50 2.00 —1.83 
og Cg TS 


by utilizing smaller D values than before, namely, 5, 10, and 15. As before, 
^ basic set (set A’) of gamble pairs was constructed from these specifications 
by setting b = c = 0. 

As before, two alternate sets were constructed from the basic set. Set B' 
was constructed by adding —2.00 to the first column, and +2.00 to the second 
column of each matrix in the basic set. Such transformations affect neither 
D nor R. Unlike the alterations of Experiment I, these transformations left 

e average payoff in a matrix unchanged. On the other hand, these trans- 
formations did change the variances of the gambles, whereas the transforma- 
tions in Experiment I did not. Set C' was formed by adding +2.00 to the first 
column and —200 to the second column. Note that in set B' the higher 
*xpected-value gamble has the lower variance, but in set C it has the higher 
Variance. Sets A’, B’, and С” are shown in Table 3. d 

е procedure was the same as in Experiment I, except for these differences. 

In contrast to Experiment I, the payoff matrix entries were not intem 

therefore, values in the payoff matrix were given to two decimal places. The 

Subjects in the ‘dollars’ group were told that each entry was in dollars and 

cents; those in the ‘pennies’ group were told that each entry was in pennies, 

With a fraction of a penny given to the right of the decimal point, and that 
all such fractional parts would be included in summing the final score. 
here were 20 subjects in each group. Four were eliminated from the 


ysis: two because they gave only ‘very strong preference’ for the hig 
expected-value gamble, and two because they did not follow instructions. 
left 36 subjects (18 in each group) on which the analysis of variance 
performed. 


Results 


As in Experiment I, each subject had a score from 1 to 8 for eae 
gamble pair. The design was the same as in Experiment I: D (th 
levels), R (three levels), set (three levels), and instructions ( 
levels). Only instructions was a between-subjects variable. ! 

Three main effects were significant: those of D [F(2/68) = 94, 
p < .005], R [F(2/68) = 82.0, p < .005], and set [F (2/68) = 744, 
p « .005]. The following two-factor interactions were significant 
those of D and set [F (4/136) = 7.19, p < .005] and of R and 
[F (4/136) = 26.40, p < .005]. Also, the three-factor interaction of 
D and R and set was nearly significant at the .05 level. 

Table 4 gives the mean ratings for the levels of D, R, and 
Surprisingly, the mean rating for D = 1.5 was less than the meal 
rating for D = 1.0. The mean ratings for the R levels differed ар: 
preciably, and in the expected order. The effect of set was stronges 
of the three. The highest ratings were for the basic set with the zen 
diagonals. The next highest ratings were for set B’, in which the 
higher expected-value gambles had lower variances. The lowes 
ratings were for set C’, in which the higher expected-value gamb! 
had higher variances. 

Table 5 gives mean ratings as functions of D, R, and set. Eat 
entry gives the average rating across all subjects in the analysis (fe 
both instructional groups). The values yielding the interaction of D 
and set are the nine means at the right of the table. Note that D ha 
essentially no effect in set A’, had a monotonic effect in set B’, and! 
nonmonotonic effect in set C^. This nonmonotonicity was consistél 
for the three E levels. [ 

The values yielding the interaction of № and set are given by h 
three rows of means. Note that mean ratings were monotonic 


Table 4. Mean ratings for the levels of D, R, and set, Experiment II 
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Table 5. Mean ratings as a function of D, R, and set, Experiment II 


R 
D 55 75 .95 Mean 
Set A’ 
5 7.42 7.39 7.70 7.50 
1.0 7.33 7.45 7.72 7.0 
1.5 7.39 7.61 7.61 7.54 
Mean 7.38 7.48 7.68 
Set B’ 
5 5.50 6.83 6.86 6.40 
1.0 6.33 6.97 7.03 6.78 
1.5 6.95 7.03 7.20 7.06 
Mean 6.26 6.94 7.03 
Set C’ 
5 4.00 5.61 6.67 5.43 
1.0 4.58 6.45 7.1 6.05 
1.5 3.75 5.50 6.92 5.39 
Mean 4.11 5.85 6.90 
— _  ___ 


R(aB) for all three sets. The effect of R was relatively modest for set 
A’, but all the mean ratings were high (the maximum possible was 
800), so there was little room for differentiation. In set B’ the effect 
of R was strong, although the second and third levels of R hardly 
differed. The effect of R was strongest in set C’, and large differences 
appeared between all three R levels. 

The extreme strength of the effect of R in set С' was largely due to 
the surprisingly low ratings for R = .55; in fact, each of the three 
gamble pairs involved had ratings indicating indifference between 
gambles (indifference is at 4.5) or preference for the smaller ex- 
pected-value gamble. Examination of these three gamble pairs 
(Table 3) shows that there is exactly one negative payoff for each 
Pair, and it is associated with the higher expected-value gamble. No 
other gamble pair in the experiment had this characteristic, and no 
other gamble pair had a mean rating less than 5.00. cd 

No such struetural feature can explain the nonmonotonicity for 
D in set C", The structure (in terms of negative and positive entries) 
for each gamble pair for D = 1.5 is the same as the gamble pair 
above it (for D = 1.0). 


DISCUSSION 


We set out to determine the independent effects of D and R. 
Both D and R can affect preference strength, but the effects are so 


dependent on the choice of the arbitrary payoff parameters b and ¢ 
that no satisfactory account of mean ratings can be obtained on the 
basis of D and R alone. It is peculiar, then, that R has been found 
in previous research to predict preference strength so well (Edwards, 
1956; Taub and Myers, 1961; Suydam, 1965; Myers, Suydam, and 
Gambino, 1965). In part this was due to the scoring methods used? 
and to the confounding of R with D. Additional explanation seems 
necessary, however. In previous research, each gamble had one 
possible positive payoff and one possible negative payoff. Simpler 
results may occur with such gambles than with the less restricted 
gambles used in the present experiments. Furthermore, previous 
authors utilized a variety of P values, whereas P was always 1/2 in 
the present experiments. Suydam (1965) reported that the only 
notable failures for R as a predictor in the data of Myers, Reilly, 
and Taub (1961) were for P = 1/2. 

The divergent results between Experiments І and II can be at- 
counted for, to a large extent, by the different manner in which the 
alternative sets were constructed. However, both experiments had а 
set with zero diagonals, and one would hope for consistency here. 
Why then, for set A’ (Experiment II) was there no effect of D (see 
Table 5), yet in Experiment I a main effect for D but not an interac- 
tion, implying that a D effect existed for set A? Examination in 
detail of the data of Experiment I showed that the effect of D was 
weakest for set A: the range for the mean ratings was only .22, versus 
40 for set B and .64 for set C. Thus, even though these differences 
did not produce a significant interaction, they do help reconcile the 
two experiments: D had little or no effect for the sets with zero 
diagonals in both experiments. 

Similarly, there was a significant R effect in Experiment II but not 
in Experiment I. There was, of course, a larger R range in Experi- 
ment II, which was put in to bring out an effect. This greater range 
may have been causative. However, the difference in the effect of R 
between the experiments was less for sets A and A’ than for all sets 
combined. The effect of R in A’ was .30 (between the lowest and 
highest R levels), and in set A it was .24. Thus, it may not have beet 
primarily (if at all) the increase in R range that produced the large 
R effect in Experiment II but, rather, the particular forms for the 
gamble pairs in sets B’ and С. ; 

It may seem surprising that the ratings did not differ between 2" 
structional groups in either experiment, since the D range for th 
dollars group was 100 times the D range for the pennies group. T 
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“undoubtedly resulted because of well-known tendencies of subjects to 
spread their categorical judgments across the range provided rather 
‘than interpreting a scale in an absolute sense. Still, if there were a 
‘nonlinear utility function affecting preference strengths, some differ- 
‘ences between the instructional groups might well have appeared. 
This suggests that postulating a nonlinear utility function will not be 
helpful in explaining the results found. 

It might be thought that variance preferences (Combs and Pruitt, 
1960; Lichtenstein, 1965) could explain some of the results of the 
present experiments. Perhaps so. But there were no variance altera- 
tions between sets in Experiment I, so the main effect for set in Ex- 
periment I cannot be attributed to variance preferences. 

To sum it up, these two experiments were run to assess the effects of 
expected value difference (D) and expected regret ratio (R) on 
strength of preference between gambles. In contrast to previous in- 
Yestigations, D and R were unconfounded; and D was found to af- 
fect preference strength when R was controlled, and vice versa. 


and 1 (see Lee, 1971). 

% In calculating the indices D and R, and measuring the preference strength 
for а pair of gambles, the investigator, to put it simply, must — arbi 
Amble is « and which is В. Previous authors made these decisions m an A я 
trary manner. The author explains (Lee, 1971) why it is preferable to let a 
уз be the gamble with the higher expected value. 


Components of risk in decision 
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UNIVARIATE AND BIVARIATE 
INFORMATION STORAGE 
Stefan Slak 
University of Toledo 
For 120 undergraduates, average memory span in bite of information was 
- higher for bivariate figures (color and shape both varying; 16 alternatives) 


than for univariate figures (color or shape varying; 4 alternatives). But the 
_ фаш in information storage was inferior to the gains obtained by combining 
_ wo dimensions in information-transmission experiments. 
a 


The channel capacity for multidimensional absolute judgment is 
known to be higher than the channel capacity for unidimensional 
judgment, though it falls short of the sum of the respective channel 
capacities for individual dimensions (Miller, 1956; Slak, 1969). The 
question arises whether a similar relationship holds for short-term 
information storage capacity. To answer this question, it is neces- 

загу to devise items that can be varied in one or more than one di- 

- mension. At least two sets of univariate items are needed, each set 

Variable in one of the two dimensions; and one set of bivariate items, 
independently variable in both dimensions. The purpose of this study 
Was to compare the univariate and bivariate information storage, as 
Measured by memory span for figural stimuli expressed in bits of in- 

- formation. 

1 


METHOD 


Subjects—Introductory psychology students, 60 males and 60 females, served 
88 subjects, as part of the course requirement. 

~Materials_There were 135 lists of figural items. The figures were drawn on 
E Íor presentation on a Stowe memory drum. The dimensions A bee 
a Tes could vary were shape (square, triangle, circle, or "didis x d 
P » green, blue, or red), Each item of a list was a figure wi a gi 
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shape and in a given color. Only contours of figures were drawn. The site of 
the figures was such that each occupied an approximate area of 1/2 by 1/2 is. 

In one-third of the lists, only shape varied, while the color remained black. 
In another third of the lists, only color varied, while shape remained constant 
(a circle). The remaining lists consisted of bivariate figures, independently 
varying in both shape and color. The order of items in a list was random. 

Lists were of nine different lengths, from 2 to 10 items in a list. Five differ 
ent lists were made for each condition (figure-variable, color-variable, and 
bivariate) and each length of the list. A supply of blank index cards asd 
color pens (red, black, green, and blue) was provided for the subjects’ use. 
—Procedure— Three different types of lists corresponded to the three different 
conditions: the figure-variable and the color-variable (both univariate) con- 
ditions, and the bivariate condition. Twenty subjects of each sex were assigned 
to each of the three experimental conditions, so that the design corresponds 
to 2 x 3 factorial, with sex and condition as factors. 

In a given trial, a subject was presented with a list u а Stowe memory 
drum at а 3-sec rate. Immediately after the end of list т sentation, he had 
30 sec to reproduce the figures by drawing them on а vLiank index card in 
their exact serial order. In the color-variable and bivariate conditions, he had 
at his disposal pens of appropriate colors, positioned in a constant order. (In 
a few pilot experiments, the subjects were observed as they used the pens; i 
was concluded that manipulating the pens would not cause any major difi- 
culties.) Only perfect reproductions of items in serial order were scored &$ 
correct. First, a subject was given five lists of length two, then five lists of 
length three, and so on, until he failed to reproduce correctly all five lists of 
a given length. For each subject, memory span was determined by adding 2 
to 15 for every correct reproduction of a list; that is, for each list length the 
same proportion of the unit interval was added to 15 (the lower limit of the 
interval corresponding to length of two items) as the proportion of lists of 8 
given length correctly reproduced. 

Immediately after the experiment, the subject was questioned about the 
strategies he had used in memorizing the items, with particular emphasis 02 
the implicit use of verbal labels for colors or shapes. 

In univariate lists, an item is worth two bits of information, since there 870 
4 equiprobable alternatives. In bivariate lists, where there are 16 equipro 
alternatives, an item is worth four bits of information. 


RESULTS 


In order to express memory span in bits of information, memory 
spans in the univariate conditions were multiplied by two, those 2 
the bivariate condition by four. Mean memory spans in bits of in 
formation for the three conditions and both sexes are presented in Ta- 
ble 1. Factorial analysis of variance yielded a significant effect of con- 
dition [F (2, 114) = 36.52, p < .01], with no significant sex difference 
[F(1, 114) = 0.21] or interaction of condition and sex [F (2, 114) © 
0.41]. In further analysis, the two sex groups were pooled. There 
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Table 1. Mean memory span in bits of information 


Figure-variable Color-variable Bivariate 
condition condition condition All conditions 
Males 12.36 12.14 15.36 13.29 
Females 11.78 12.32 15.28 13.13 
Both sexes 12.07 12.23 15.32 


no significant difference between the two univariate conditions 
[t(78) = 0.27, p > .05]. The most relevant comparison is the differ- 
ence between univariate and bivariate conditions. Both of the for- 
mer, the figure-variable condition [¢(78) = 8.91, p < 91] and the 
color-variable condition [£(78) = 11.76, p < .01], reliably differed 
from the bivariate condition. The confidence interval at the .01 level 
for the mean memory span in the bivariate condition was 15.32 + 
25. : 

The number of subjects who used implicit verbal labels for colors or 
shapes was recorded. There were nine such subjects in the figure- 
variable, six in the color-variable, and eight in the bivariate condi- 
tion. Only negligible, nonsignificant differences occurred between 
subjects who covertly verbalized and those who did not report covert 
verbalizations of items. 


DISCUSSION 


The results show that bivariate information storage, as mir ed by 
memory span for figural stimuli in bits of information, was super 
to univariate information storage.” If memory span for fig ld be 
uli were independent of the information content per item, it i 
twice as high in the bivariate condition, since bivariate items contain 
twice as much information as do the univariate items. It was not 


short-term memory capacities for the two individual dimensions— 
Parallels the previous findings on unidimensional and multidimen- 
Sional absolute judgment. 1 

However, a closer examination reveals an apparent difference aA 
tween the data on absolute judgment and the data of the presen 
study. As Slak (1969) showed, the channel capacity for eie ern 
sional information transmission may be expressed as a function o 
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unidimensional channel capacities, so that the former may be de- 
fined as the distance of a point in the multidimensional euclidean 
space from the origin, when the point is defined in terms of respective 
unidimensional channel capacities as coordinates. If the model is ap- 
plied to the two-dimensional information storage, the memory span 
in terms of bits of information for the bivariate condition should 
have been equal to (12.07? + 12.237) V? = 17.18, which is beyond the 
upper limit of the confidence interval for the mean bivariate memory 
span that was in fact obtained. Thus, the gain in information storage 
for figural stimuli as a function of combining variable dimensions 
was less than the gain in information transmission when dimensions 
are combined in absolute judgment. 

If A and B stand for memory spans in bits of information for the 
two univariate conditions, and C for memory span in bits for the bi- 
variate condition, the relationship between univariate and bivariate 
information storage for figural stimuli may be expressed by the in- 
equality 


4 +B) < C < (4? + BY”. 
The quantity in the left portion of the inequality corresponds to the 
hypothesis of a constant memory span in bits of information, and the 
quantity in the right portion corresponds to the bivariate memory 
span that would be expected if the combining of dimensions had 
the same effect for figural stimuli as in informational studies on ab- 
solute judgment. 

Reported implicit verbalization did not seem to have any effect 
on performance. Because of the nature of the design and the type of 
data (verbalization data were only supplementary and tentative) iit 
was impossible to ascertain to what extent the processes involved in 
memorizing the figural materials were purely perceptual and to what 
extent verbal. It is doubtful that the distinction is fully justified, how’ 
ever, for in normal adults, word-referent connections for the type of 
material used are so strongly overlearned that such figures may rep- 
resent conceptual units with verbal and perceptual characteristics 8$ 
component parts, whether subjects are aware of verbal ‘contam! 
nation’ or not. 


Notes 


The author thanks Julian Mingus, graduate assistant in psychology, for bad 
data collection, and Robert Carr, graduate assistant in psychology, for pre 
aration of the materials. Received for publication September 9, 1970. 


INFORMATION STORAGE 209 


L It may be noted, however, that memory span in terms of the number of 
figures correctly reproduced was less in the bivariate condition than in either 
univariate condition. 
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IS AUTOKINETIC MOTION RELATED TO 
EXPERIENCED DISPLACEMENT? 


Joseph Glick 
University of Minnesota, Minneapolis 


Experiment I investigated both apparent visual movement and apparent dis- 
placement of a luminous target under the conditions by which Gregory and 
Zangwill produced autokinetic motion. Experiment II investigated changes in 
egocentric localization (apparent displacement) measured by nonvisual means 
under the same conditions. In Experiment I the measures of motion and 
of displacement were indeed related. Experiment II further suggested that the 
relationship holds beyond the purely visual sphere. 


Autokinetic motion is the experience of motion of an objectively 
stationary object. In some cases the phenomenal appearance of this 
‘illusory’ motion is identical to the appearance of real motion—as а 
displacement in space over time. In other cases the motion is reported 
to be ‘paradoxical’—an experience of motion without a corresponding 
experience of displacement (Moustgaard, 1963; Gregory and Zang- 
will, 1963). } 

The distinction between apparently real and apparently paradoxi- 
cal motion has had important consequences for the theoretical treat- 
ment of the autokinetic phenomenon. Several theorists (Carr, 1910; 
Brosgole, 1967) have drawn analogies between autokinetie motion 
and real motion. They have, accordingly, attempted to explain auto- 
kinetic motion on the analogy to real motion. Since real motion 38 
generally assessed relative to a reference system or framework, auto- 
kinetic motion is seen as reflecting perceptual changes in the relation" 
ship of an object to an underlying framework. A similar implication 
derives from the work of Werner, Wapner, and their colleagues, W io 
offer similar explanations—hinging on postulated changes in equi 
librial states—to account for both autokinetic motion and change m 
egocentric spatial frameworks (Wapner and Werner, 1957; Werner 
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and Wapner, 1949). These positions imply that autokinetie motion 
should be directly associated with experienced displacement of the 
autokinetically moving stimulus. 

Phenomenological reports of paradoxical movement strongly chal- 
lenge these views of the nature of the autokinetie phenomenon. This 
challenge has been made explicit in the work of Gregory and Zangwill. 
In an experiment that induced autokinetic motion as an aftereffect of 
selective fatigue of the eye musculature, Gregory and Zangwill ob- 
tained reports of ‘paradoxical’ motion. That is, motion appeared to 
take place without a corresponding shift of the apparent locus of the 
fixated light source. On the basis of these reports they conclude that 
“the autokinetie phenomenon . . . [is] caused by a temporary de- 
rangement of the neural systems directly concerned with the visual 
registration of movement” and is “in no wise due to faulty interpre- 
tation of the position of an object with regard to a ‘framework,’ 
perceptual or conceptual” (1963, p. 258) . 

It is unfortunate that so sweeping a conclusion is based only upon 
phenomenological reports of paradoxical movements. Although such 
reports are instructive, they are not conclusive. The issue seems to 
warrant a more rigorous experimental approach. Accordingly, the 
present experiments further investigated the question of whether 
motion and displacement are related. Rather than relying on phenom- 
enological reports, however, the apparent displacement-autokinetie 
motion relationships were directly measured. 

Experiment I investigated both apparent visual movement and 
apparent displacement of a luminous target under the conditions used 
by Gregory and Zangwill to produce autokinetic motion. Experiment 
П investigated changes in egocentric localization (apparent displace- 
ment) measured by nonvisual means under the same conditions. 


EXPERIMENT I 


Method 


~Subjects—Twenty male subjects, all undergraduates at Yale University, 


Served as observers. 

—Method of inducing autokinetie motion—Two of the conditions for induc- 
ing autokinetic motion employed by Gregory and Zangwill (1963, р. 253) ie 
Used here. Subjects were instructed to hold their eyes ‘hard over’ to the rig | 
(or left) for a period of 30 sec. This is assumed to introduce an asymmetrica 
atigue to the eye musculature. Upon return of the eyes to a normal straight- 
ahead gaze, measures of autokinetic motion were taken, presumably influ- 
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enced by the aftereffect of this selective fatigue. In addition to the hard-over 
conditions, there was a third condition, in which the subjects held their gaze 
rigidly ‘straight ahead’ for the 30-sec adaptation period. 


— Measurement of autokinetic motion and displacement—The type of mea- 
surement of autokinetic motion employed here closely resembles the ‘tracking’ 
method proposed by Bridges and Bitterman (1954). In this method the sub- 
ject’s task is to keep an object in a stable position by telling the experimenter 
how to move the object to its initial position after a movement has occurred. 
Thus subjects are required to ‘compensate’ for apparent movements by a real 
movement in the opposite direction. 

This method has been criticized by Conklin (1955) as an impure test of 
autokinetic motion, since it is susceptible to the interactive effects of real 
movement (the compensatory movements of the object) on autokinetic 
movements. The intent of the present paper, however, was not so much to 
provide a complete and full description of autokinetic motion per se but, 
rather, to investigate the question of whether autokinetic motion is connected 
with spatial displacement. Since most the variance introduced by the tracking 
method would tend to be in a conservative direction and would not produce 
artifactual positive results, the tracking method was opted for here. 

Spatial displacement was measured in a manner analogous to that used for 
the measurement of autokinetic motion. Subjects instructed the experimenter 
to adjust a luminous line to a position ‘straight ahead, neither to the right 
nor to the left.’ 


—Procedure—All testing was done in a dark room. The subject was seated 
8 ft from the stimulus array, with his head held rigidly in place by means of 
a headrest attached to his chair. With room lights on (but with the stimulus 
array shielded by means of a cardboard barrier), he was required to hold his 
eyes ‘hard over’ to the right (or left) or ‘straight ahead’ for a period of 30 sec. 
After the fatigue-induction period, the subject was instructed to close his eyes 


and to return them to (or keep them at) a normal straight-ahead position. ` 


When he signaled that his eyes were straight ahead, the room lights were 
turned off and the subject opened his eyes. 

A dim vertical luminous bar, 1 in. wide by 6 in. long, which was placed ob- 
jectively in the median sagittal plane, was observed. 

The subjects were tested under two report conditions: tracking (the move 
ment measure) and localization (the displacement, measure). In the tracking 
condition the subject was told that the bar might move from its original pos 
tion, and that any object motion in the right-left dimension was to be cot 
pensated for by a ‘countermove’ to bring the object back to its original pos 
tion. In the localization condition he was told to adjust the bar until it was 
‘straight ahead’ of him. Both tracking and localization measurements idus 
initiated at eye opening and were continued for a period of 20 sec thereafter. 
If the subjects in the localization condition finished their adjustments prior 2 
the 20-вес mark, they were encouraged to keep looking and refine their judg- 
ments. к" 

А repeated-measures design was employed. Hach subject was exposed 
each of the three eye-fatigue conditions within each of the report con 
Three minutes separated each condition of eye fatigue; 10 min separated е 
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of the report conditions. The order of the report conditions was varied by & 
3 x 2 latin square, and within each report condition the order of fatigue con- 
ditions was varied in a 3 X 3 latin-square design. The measures used in anal- 
ysis were deviations in centimeters of the final position of the bar from its 


initial position. 


Results 


The results of the overall analysis of variance indicate that there 
were significant shifts dependent on direction of eye fatigue (F — 
3623, df = 2/108, p < .01). For eyes-right fatigue, there was а 
shift to the right (+18.8 em), and for eyes-left fatigue there was а 
shift to the left (—9.9 em). With eyes straight ahead, mean location 
was not significantly different from zero deviation (—0.29 cm). All 
differences between means were significant at the p < 01 level. There 
were no significant interactions involving the distinction between the 
tracking and localization measures. 

The tracking measure is a measure of apparent motion in the right- 
left direction. For example, if a stimulus appeats to move to the right, 
it is compensated for by a tracking movement to the left in order to 
maintain a constant position. The finding, then, that tracking was to 
the right (left) after the eyes-right (eyes-left) adaptation condition 
indicates that apparent movement was experienced as being toward 
the left (right). In this experiment, that is, it was found that auto- 
kinetic motion occurred in a direction opposite to previous eye turn- 
ing. This finding, as far as it goes, agrees completely with that re- 
ported previously by Gregory and Zangwill (1963, pp. 253-254). 

Although there is agreement between studies on the reported direc- 
tion of autokinetic motion, there is no agreement on whether this mo- 
tion is associated with displacement. The present study found no dif- 
ferences between measures of tracking and of localization. If motion 
Were ‘paradoxical,’ and thereby independent of experienced displace- 
ment, we would expect either that both measures would fail to show 


shifts dependent on fatigue condition, or that the tracking method 


Would show shifts (since it could be construed as à measure of mo- 
tion whether real-appearing or paradoxical) while the localization 


Measure would not. ‘The fact that both measures showed entirely 
Comparable shifts dependent on eye-adaptation preconditions sug- 
gests that the motion obtained here was associated with a correspond- 


ing displacement. 
The relationship between motion and displacement was tested by 
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other means. The magnitude of directional changes was assessed for 
each subject by computing an ‘eyes-right minus eyes-left’ difference 
score for both the tracking and the localization condition. These 
measures were then correlated. A significant (p < .01) positive cor- 
relation (r = .54) indicates that motion and localization were, under 
the conditions of the present experiment, related. 


EXPERIMENT II 


The findings of relationship obtained in Experiment І are subject to 
several limitations as long as measurements of motion and localiza- 
tion are obtained within the same (visual) modality. The first limi- 
tation stems from a problem of measurement; the second from a prob- 
lem of interpretation. 

With the measures employed in Experiment I there is the possibility 
that since the subjects were provided no response measure which 
would allow them to distinguish between ‘real-appearing’ and ‘para- 
doxical’ autokinetic motion, they used the response measures which 
were provided in a way that did not distinguish these two possibilities. 
While this argument is reasonably applicable to the tracking method; 
it seems less applicable to the localization measure, where there is à 
less ambiguous indication of the task. 

The interpretational limitation of Experiment I hinges on the type 
of dependency relationship between motion and localization. Is it that 
an object appears to move—and hence changes its location with re- 
spect to a fixed spatial coordinate? Or is it that the coordinate is in- 
duced to change—and hence the object appears to move? 

Both of these limitations suggested an experiment where measute- 
ment of location shifts is nonvisual and therefore decoupled from 
apparent object motion. Experiment II met this requirement by mea- 
suring shifts in egocentric localization by means of the nonvisual 
method of ‘pointing straight ahead’ in the absence of an object, but 
under the conditions that produced autokinetie motion in Experi- 
ment I. 


Method 


—Procedure—Experiment II was a replication of the localization condition 
of Experiment I, with two major exceptions. The first was that after ey? b 
tigue (right; left; straight-ahead) was induced and the eyes returned to ® 
normal straight-ahead position, the subjects kept their eyes closed. The secon 
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exception was that a nonvisual determination of the straight-ahead was sub- 
stituted for the visual means employed in Experiment I. Here, the subject, 
his eyes closed, was required to extend his arm toward a measuring surface 
(a ruler located in the frontal-parallel plane) and to point ‘straight ahead.’ 
After a single eye-fatigue period, three determinations of the straight-ahead 
were made in quick succession. 


—Subjects—The subjects were 24 right-handed Yale undergraduate men. 


Results 


There was a significant effect of eye-adaptation condition on non- 
visual determination of the straight-ahead (F = 5.56, df = 2/24, 
р < 05). The effects obtained roughly parallel those obtained when 
visual determinations were used. Location of the straight-ahead 
after the eyes-right condition was significantly (p < 05) to the right 
(+5.20 cm) of the location of the straight-ahead after either the eyes- 
left (+4.41 cm) or the eyes straight-ahead (+4.06 cm) conditions. 
However, there was no significant difference between the ‘eyes left’ 
position of the straight-ahead and the ‘eyes straight ahead’ position of 
the straight-ahead. All measures are displaced to the right of the ob- 
jective straight-ahead.* A 

The general directional parallels between visual and nonvisual 
determinations of the straight-ahead are of singular interest. They 
provide evidence of a general organismie change that is not limited 
to ‘error signals from the visual monitoring system’ resulting 
from conditions of eye adaptation. y 

Although there is evidence for a generalized effect, an examination 
of intersubject consistency suggests that the effect of eye adaptation 
was stronger for the visual measures.” In Experiment I, 9076 of the 
Subjects showed an effect consistent with the mean; here in Experi- 
ment II only 70% of the subjects showed this effect. 


DISCUSSION 


Experiments I and II both provide evidence in support of the no- 
tion that, under the conditions used by Gregory and Zangwill, mea- 
sures of motion and measures of displacement are indeed related. ' 

Moreover, the data of Experiment П suggest that the relationship 
holds beyond the purely visual sphere. Both the fact of intersensory 
interaction (a fact attested to in Experiment I, where fatigue of eye 
musculature led to shifts in visual localization and movement, and in 
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Experiment II, where tactual kinesthetic localization was similarly 
affected) and the suggestion of generalized changes in frameworks for 
localization—both of these findings fit well within the interpreta- 
tional framework of sensoritonic field theory (Werner and Wapner, 
1949; Wapner and Werner, 1949). Rather than attempting a detailed 
explanation of these findings within the context of sensoritonic field 
theory, let it now suffice to point out that the dual notions of organ- 
ismic interrelatedness of systems and generalized equilibrial changes 
within an organismic field suggest the type of results obtained here. 
This interpretational framework clearly contras:. with the one 
adopted by Gregory and Zangwill, who attempt to :ocate the auto- 
kinetic effect within a segregated subsystem of the organism, namely, 
the eye-movement monitoring system. 

Although we have provided clear evidence of the relationship be- 
tween changes in framework and direction of perceived motion, the 
argument of this paper should not be construed as a claim that au- 
tokinetic motion is determined only by changes in object-framework 
relationship. There is considerable evidence, some based on phenom- 
enological report (Moustgaard, 1963) and some based on direct 
measurement (Glick, Wapner, and Werner, 1965; Glick and Wapner, 
1967), for the occurrence of ‘paradoxical’ relationships between mo- 
tion and location shifts. It is as yet unclear whether all of those 
phenomena described under the umbrella term ‘autokinetic motion’ 
are related in terms of underlying process. It is quite possible that a 
physicalistic definition of autokinetie motion as ‘apparent motion in 
the absence of real motion’ serves only to obscure critical distinctions 
and groupings that may be made on the basis of process. What i$ 
needed are systematic studies of motion-displacement relationships 
under a wide variety of ‘dimensionalized’ situations. Should differ- 
ential relationships depend on situational dimensions, then some first 


steps could be taken toward developing theories of the motion 
processes. 


Notes 


This research was supported by Grant HD-03947 from the National Institute 
of Child Health and Human Development to the author, who was then at = 
Institute of Child Development at the University of Minnesota. His ad 
address is at the City University of New York, Graduate Center, 33 We 


42nd Street, New York, New York 10036. Received for publication June 7^ 
1970. ; 
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1. This is most likely due to the fact that the right hand was used to point. 
Informal observations indicated that left-hand pointing led to a systematic 
displacement of all measures to the left. 

2. Comparison of magnitudes of deviation for visual and nonvisual measures 
is a tenuous business because of the proximal nature of the pointing measure 
and the distal nature of the visual measure. Computation of visual angle or 
of a comparative ‘pointing angle’ is difficult because of the difficulty of fixing 
an apex for the pointing measure. Accordingly, this mode of comparison was 
not used here. 
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FORM AND ITS ORIENTATION: 
REEXAMINATION OF A CHILD’S-EYE VIEW 


Lauren Harris and M. Joseph Schaller 
Michigan State University 


One hundred twenty kindergarten, second-, and fourth-grade children viewed 
bilaterally symmetrical geometric forms through a circular window on a turn- 
table and were asked to make them right side up or upside down. The 
greatest number of nonvertical orientations were made for forms that re- 
sembled horizontally oriented English letters. Upside-down judgments were 
not the empirical converse of right-side-up judgments. The results are com- 
pared with those from an earlier study by Braine. 


Lila Ghent Braine (Ghent, 1961) has described two studies of 
children's judgments of the orientations of certain geometric 
forms (which she called *nonrealistic" forms). The forms employed 
in her first study, and the only forms with which we were concerned 
in this work, are reproduced in the left column of Table 1, with the 
exception of an equilateral triangle. Her subjects ranged in age from 
four to eight years. The agreement among subjects was striking: 
for the four-year-olds, agreement of judgment of ‘upside down’ was 
greater than chance for 11 of the 16 forms. Indeed, for 6 of these 
forms the percent agreement was 95%. The older children’s judg- 
ments agreed strongly for fewer forms and reversed in judgmen 
for 2—forms 1 and 11. 

Braine saw the most important problem raised by these findings 0 
be that of “defining the characteristics” of the cards selected M 
upside down. Using responses of her younger subjects as the basis 
for her analysis, she suggested that a form was judged upsit? 
down when the “focal portion was in the lower half of the card. 
Braine tentatively assumed that figures eliciting significant concor 
dance of judgment had one portion that “caught the ‘atten 
ог drew the eye, more readily than did other portions. The an g 


tion, 
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of [form 1], the point of intersection of [form 2] the rounded por- 
tion of [form 10], and so on, might be considered the focal portion. 
_.. When these portions of the figures were at the bottom, the cards 
were called upside down by the children" (1961, p. 181). 

Recognizing that her designation of ‘focal’ had been post hoe, 
Brain tested different four- and five-year-olds with new forms for 
which she designated the focal points beforehand. These subjects' 
judgments supported her focal-point hypothesis. 

The eurrent study grew partly out of consideration of the method 
used in the Braine study, but primarily out of our previous interest 
in the relation between the development of spatial orientation and 
letter discrimination. We therefore used the forms from Braine's 
first experiment, since a number of them are either real letters or 
are letterlike. 

We were concerned with two features of Braine's method. First, 
Braine used what we may call a 'binary-vertical forced-choice 
procedure’ to obtain her judgments of orientation. Her subjects 
saw two cards at a time, both depicting the same form, one rotated 
180 deg with respect to the other. In both orientations, moreover, 
the form was fixed vertically, meaning that it was symmetrical 
along its vertical axis but not along its horizontal axis (see Table 
1, column 1), The subjects therefore were not shown the forms ori- 
ented either ‘horizontally’ (symmetrical along their horizontal 
axes but not along their vertical axes) or ‘obliquely’ (symmetrical 
along neither their vertical nor horizontal axes). Consequently the 
subjects had no chance to judge either of these orientations as the 
upside-down orientation And even if they had been allowed to 
choose from additional orientations, the placement of the forms 
Within square frames might have produced a ‘frame’ effect, thereby 
influencing orientation judgments. 

In other words, there are at least two kinds of cues that po- 
tentially can affect the perceived orientation or identification of a 
figure: cues within the figure itself (what Howard and Templeton, 
1966, have called “intrinsic factors” such as axes of symmetry, 


taper, texture and light gradients, and Braine’s ‘focal point’); and 


cues fr ithout the figure (‘frame cues’). Braine's procedure 
om without а d it is possible that the 


may have confounded these two factors, an degree 
Particular responses made by her subjects were also to some egr 
affected by frame cues. : ially d 
We therefore presented the forms in an apparatus specially de- 
Signed to eliminate all constraints on range of judgments and to 
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reduce frame-of-reference cues. The question we were asking, then, 
was whether the substitution of our procedure for Braine’s binary- 
vertical procedure had a significant effect on the children’s orien- 
tation judgments. Would the children, now with no constraint on 
their range of judgments and with the possibility of frame cues 
substantially reduced, choose to orient the forms a significant num- 
ber of times in orientations other than Braine’s two vertical ori- 
entations? 

Our second concern was with Braine’s instructions. Her subjects 
did not make direct choices of the upright forms: they were asked 
to pick the form that was upside down or ‘wrong’ rather than the 
form that was upright. Then, from their choice of the upside-down, 
wrong form, Braine inferred that they would judge the other form 
(the 180-deg rotation) to be right side up. But ^re ‘upside down’ 
instructions in fact the empirical converse of ‘right side up’ instruc- 
tions? To answer this question, we compared the two kinds of 
instructions directly. 


METHOD 


—Apparatus—The apparatus consisted of a 60 by 79 cm Masonite board cov- 
ered with enough coats of white paint to eliminate all perceivable grain. In 
the center of this board a circle (9-em diameter) was cut, through which the 
forms could be viewed. The forms were inserted into a Plexiglass holder, 
which was mounted on a turntable. The turntable was bolted vertically to а 
wooden door that was attached on one side to the back of the Masonite board. 
The wooden door, when closed against the Masonite board, brought the cen- 
ter section of the Plexiglass holder nearly flush against the Masonite board 
so that the form appeared through the circular window. The form that the 
subject saw thus appeared in the middle of the circular window. The effect 
was to eliminate completely any frame-of-reference cues that depended on 
the orientation of the form and could therefore affect the subject's judgment 
of a form’s upright orientation. The apparatus was clamped to a table so that 
the front of the Masonite board was flush with the front of the table. The 
board actually was tilted back approximately 5 deg, not enough to induce any 
significant change in perceived slant of any of the forms. (In any event, "® 
subjects tended to hunch forward while rotating the forms, thus probably 
compensating for whatever mild distortions of slant might have been induce® 
The apparatus was placed in a small spare room in the school. 
We had found, in à pilot study, that a number of children peeked through 
the hole to watch the experimenter insert the form in the Plexiglass holder: 
Since we expected that seeing this placement might influence the subjec t 
subsequent judgment of the form’s orientation, we masked the hole while 17 
serting the form. We also gave the turntable a hard spin before exposing й 
form so that the form was rotating when the subject first saw it. The ore? 
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tion of the form when it came to rest thus varied randomly from form to 
form and from subject to subject. 

The subject rotated the form directly by moving any part of the Plexiglass 
container that showed through the circular window (roughly as one might 
rotate a phonograph record with one’s fingers, except that the turntable was 
presented in nearly vertical orientation). The turntable was so adjusted as to 
permit easy rotation by all subjects. The apparatus thus eliminated all con- 
straints on the subject’s range of judgments. 

All orientations were recorded to the nearest degree by means of a pointer 

attached to the back of the turntable, which rotated about a 360-deg scale. 
Orientations later were categorized into 16 sectors, each 22 deg 30 min wide 
(11 deg 15 min on either side of the cardinal point). Pilot testing indicated 
that even our youngest subjects could make adjustments within an arc of 
22 deg 30 min. Thus if our procedure were to yield a significant number of 
oblique judgments, we would be able to say that they were not artifacts of 
the children’s inability to make fine-enough motor adjustments of the turn- 
table. The children did not have to align the form perfectly upright to qualify 
for a vertical score. 
—Subjects, procedure, and instructions—There were 120 children tested: 20 
boys and 20 girls at each of three levels: kindergarten, second and fourth 
grades, Half the children in each level were given ‘right side up’ instructions, 
the other half were given ‘upside down’ instructions. We ascertained the chil- 
dren’s understanding of our instructions through pretesting with a set of ordi- 
nary toys (cars, trucks, dollhouse tables and chairs). In the upright instruction 
condition of this pretesting, the experimenter said: “Га like to know how 
children can know how to put things so that they're right. Look at these 
things here [pointing to the toys, all of which were in upside-down and side- 
Ways orientations on a table just to the subject’s right]. Can you turn them 
to make them right, the way they're supposed to be?” The experimenter 
Waited until the subject had turned all the toys to their proper, right-side-up, 
orientation. 

All the children performed perfectly and quickly. This fact gave assurance 
that, at least for ordinary toys, the instructions to ‘make them right, the way 
they're supposed to be’ were equivalent to ‘make them upright.’ We should 
note that we were reluctant to instruct the children merely to make the ob- 
jects upright or right side up, since our pilot work suggested that some kinder- 
garners were not familiar with these words. ул xd 

The pretesting in the upside-down instruction condition was identical except 
that some of the toys now lay right side up, others still lay on their sides, and 
the child was asked to turn the toys “to make them upside down, to M 
them wrong." Again all the children performed perfectly and quickly. ; 

Immediately after pretesting in both instruction conditions, the children 
Were shown how to rotate the forms in the apparatus and were again given 
the pretest instructions, this time for the forms, which the experimenter called 

pictures.” Thus the instructions for children in the upright (or upside-down) 
condition continued: “Now, what about making pictures of things right, the 
Way they're supposed to be [or “wrong, what about making pictures рабе 
down”]? Г put a picture in this little window [indicating the circular win- 

OW]. See, the window moves around, you can move it with your fingers. You 
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can turn it this way, or this way. [The experimenter demonstrated, and then 
let the subject move the window with his fingers in each direction.] Now, I'll 
put a picture in for you to look at [inserting the first form]. You turn the 
picture until it’s right—the way it's supposed to be, just the way you made 
these things right [or “until it’s wrong, until it’s upside down, just the way 
you made these things upside down”].” The experimenter pointed to the toys 
as he spoke these instructions. The subject then was permitted to turn the 
form until he stopped—presumably, then, until he found an orientation that 
he judged to be upright (in the upright instruction condition) or upside down 
(in the upside-down instruction condition). The experimenter then recorded 
the pointer's reading for that form, then inserted the second form, reinstructed 
the subject, and so on through the entire series. 

All subjects were shown all of the forms depicted in column 1 of Table 1. 
The equilateral triangle Braine used was excluded because it has three equiva- 
lent axes of symmetry rather than one. This fact would have posed some 
problems for the computer analysis of the data. All forms were 5-6 cm in 
size. The 15 forms were presented in five different orders, with an equal num- 
ber of subjects in each age X sex group assigned randomly to each order. The 
five orders were constructed so that every group of three successive forms 
e 3, 456, and so on) occurred once and only once in any position within the 
order. 

The total testing time was approximately 10 min for each subject. Most of 
the subjects made each of their judgments within 10-15 sec. Those few who 
took longer on a few trials seemed to be playing with the rotating window. 
When this happened, the experimenter simply reminded the child of his task. 
Each child was told that he had “done a good job" after the session was 
completed. f 


RESULTS 


The first question, about the effects of providing only the two 
vertical choices, may be answered by consideration of those 60 chil- 
dren who received the ‘upside down’ instruction (as had Braines 
subjects) ; in other words, those subjects who differed from Braines 
only with respect to the apparatus used. 

If a binary-vertical procedure like Braine's does not significantly 
constrain the subjects’ range of judgments, we would expect that 
our subjects, though free to make orientation judgments in DOS 
vertieal categories, would restriet their choices to the two vertie 
categories. 

The first analyses, then, consisted of seeing how well the j 
distribution of scores across forms for each grade, and the distribu- 
tions for each form individually for each grade, fit the hypothe- 
sized binary-vertieal distribution. The Kolmogorov-Smirnov 8003 
ness-of-fit test was used for this analysis. 
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The distributions and results of tests on total scores are depicted 
in Figure 1. Categories 1 and 2 represent the two ‘vertical’ cate- 
gories used in Braine’s binary procedure. Categories 3 and 4 repre- 
sent ‘horizontal’ orientations, and category 5 represents any oblique 
orientation. For the total distributions for each grade, the percent- 
age of orientations into any nonvertical cagetory (i.e, summing 
across categories 3, 4, and 5) was 27% for kindergartners, 11% 
for second graders, and 23% for fourth graders. These percentages 
were sufficiently large to indicate that a binary-vertical presenta- 
tion would have significantly constrained the subjects’ choices (p 
< .01) for each grade. 

What of the judgments of the 60 children who received the *up- 
right’ instructions? This condition, we note again, differed from 
Braine’s in both apparatus and instructions. Figure 2 depicts the 
distribution of judgments in the upright instruction condition. The 
percent orientation into some nonyertical category (categories 3, 


"UPSIDE DOWN' JUDGMENTS 


PERCENT 


KINDERGARTEN 2nd GRADE 4th GRADE 

down’ for all forms combined 
grade, each subject making 15 
tation categories: (1) axis of 


Symmetry vertical, form rotated 180 deg from orientation shown in Table 1, 


Fig. 1. Distribution of judgments of ‘upside 
for each of the three grades (20 subjects per 
Judgments; tota] N = 300, each grade). Orien 


column 1; (2) axi try vertical, form oriented as shown in Table 1, 
Т ade ot ИШ ОП tal, form rotated 90 deg clockwise 
i symmetry horizontal, form 
Table 1, column 1; (5) 
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KINDERGARTEN 2nd GRADE 4th GRADE 

Fig. 2. Distribution of judgments of ‘upright’ for all forms combined for 
each of the three grades (20 subjects per grade, each subject making 15 
judgments; total N = 300, each grade.) Categories 1-4 in this figure represent 
orientations rotated 180 deg from the orientations represented by the cate- 
gories in Figure 1; Figures 1 and 2 therefore resemble each other to the extent 
that the two sets of instructions (upright and upside-down) produce empiri- 
cally converse results. Orientation categories: (1) axis of symmetry vertical, 
form oriented as shown in Table 1, column 1; (2) axis of symmetry vertical, 
form rotated 180 deg from orientation shown in Table 1, column 1; (3) axis 
of symmetry horizontal, form rotated 90 deg counterclockwise from orienta- 
tion in Table 1, column 1; (4) axis of symmetry horizontal, form rotated w 
deg clockwise from orientation in Table 1, column 1; (5) axis of symmetry 1n 
any oblique orientation. 


4, and 5) was 4196 for the kindergartners, 2496 for the second 
graders, and 1596 for the fourth graders. The results of goodness- 
of-fit tests on the total distribution for each age-group again Ш- 
dicated significant (p < .01) deviations from the hypothesized 
binary-vertical distribution. So here too the results indicate tht, 
had only the two vertical response categories been provided, the 
children’s judgments would have been constrained significantly. 

The conclusion can be drawn that insofar as total scores for 
the three age-groups are concerned, a binary procedure would sig- 
nificantly constrain the range of judgments whether the instructions 
are to place the forms upright or upside down. But are the instruc- 
tions equivalent? In this case, this question amounts to asking 
whether the character of the constraint for the upright instruction 
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condition is the same as that for the upside-down instruction condi- 
tion. Figure 3 condenses Figures 1 and 2 into a side-by-side compar- 
ison of the distribution of judgments, combining age groups for each 
instruction condition. Results of a goodness-of-fit test indicated that 
the distributions differed significantly (p < .01) from one another. 
The difference stems primarily from the distribution of judgmenta in 
the nonvertical categories (categories 3, 4, and 5). The vertical cate- 
gories (1 and 2 combined) were not significantly different between 
conditions. The total percentages of nonvertical judgments (horizon- 
tal and oblique combined) are roughly equal, but the upside-down 
instructions induced about twice as many oblique judgments as hori- 
zontal judgments, while the upright instructions induced about three 
times as many category 3 judgments as either category 4 horizontal 
judgments or oblique judgments. The instructions therefore are not 
equivalent, at least in terms of the total distribution of judgments. 
Asking child to make these forms ‘upside down’ or ‘wrong’ is not 
the empirical converse of asking him to make the same forms ‘right, 
the way they’re supposed to be.’ 


PERCENT JUDGMENTS 


A ‘UPSIDE DOWN' "UPRIGHT" 


Fig. 3. Distribution of judgments for all forms for all grades combined (Fig- 
“Utes 1 and 2 condensed; 60 subjects making 15 judgments each = 900 judg- 
Ments total for each distribution). Judgments represented by categories 1-5 
"re the same for ‘upside down’ and for ‘upright’ as in Figures 1 and 2 peo 
tively; these two distributions therefore resemble each other to the exten 
that the two sets of instructions (upright and upside-down) produce empiri- 


cally converse results. 
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But the picture becomes considerably more interesting when 
distributions for the individual forms are studied. Distributions for 
10 of the 15 forms included a sufficiently small number of horizontal 
and oblique responses to indicate that the provision of only the 
two vertical categories would not have been a significant constraint. 
For these forms, the great majority of ‘upright’ judgments placed 
the forms in ‘vertical’ orientation (symmetrical sides on left and 
right). But for the 5 remaining forms (forms 10, 15, 18, 8, 11), 
the provision of the binary choice would have lent a distorted pic- 
ture of the kind of upright judgments the children made. The 
significantly frequent use of the nonvertical categories occurred in 
only 30 of the 90 form x grade X instruction-condition cells. The 
90 cells are depicted in Table 1. The 30 deviant cells are marked 
with asterisks? In each cell of the table, only those orientations of 
a form that accounted for at least 20% of the judgments made are 
shown. The percentage of the choice of these orientations appears 
as a subscript to each form. The forms are numbered (1-15) in 
order of inereasing number of signifiant deviations from the 
hypothesized binary-vertieal distribution (as determined by the 
goodness-of-fit test, p < .05 or < .01). Thus in all grades in both 
instruction conditions, the number of nonvertical judgments for 
forms 1-4 was insufficient to cause the distributions to deviate 
significantly from the hypothesized binary-vertical distribution. 
For form 15 the nonvertieal judgments occurred often enough {0 
cause the distribution to deviate significantly from binary-vertical 
in five of the six grade X instruction-condition cells. à 

Before diseussing the results for individual forms, we note in 
Table 1 the generally greater strength of agreement in the second 
and fourth graders than in the kindergartners—in both instruction 
conditions. Chi-square tests on the sum of the greatest frequency 
in each cell for each grade disclosed significant differences ibe = 
289, df = 2, p < .001, upright condition; x? = 8.63, df = 2, ? © 
.02, upside-down condition). This finding contrasts with Braine $ 
report of a decline with age in the number of forms that elicit 
strong agreement. We currently have no explanation for this ap- 
parent discrepancy. 

The scores for forms 1-4, for which there were no significant de- 
viations from the binary-vertical, are in substantial agreemen 
with Braine's findings. The form 1's adjudged upside down shifte 
regularly from apex-down to apex-up across age. The converse oc- 
curred in the upright condition, with a shift from apex-up to apex 
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Table 1. Popular (20% or more of judgments made) orientations for each form 


‘Upright’ instructions ‘Upside down’ instructions 

Kinder- Second Fourth Kinder- Second Fourth 

Form  gartners graders graders gartners graders graders 
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for the younger children intrinsic 
factors such as taper and stability affected their judgments, such 
factors being overpowered in influence for the older children, who 
regarded the form as the letter V. (It also is possible that the younger 
children thought the form an A without the crossbar.) 


down across age. Apparently, 
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For forms 2, 3, and 4, 85%-100% of the children oriented them, 
in the upright condition, as T, a Y, and what might be called a 
‘balloon on a string.’ In the upside-down condition, 65%-95% of 
the children turned the same forms 180 deg. These findings also 
agree substantially with Braine’s. 

It also is noteworthy that the degree of concordance of judgment 
of the orientation of these forms was greater for the upright than 
for the upside-down instruction condition. This difference occurred 
with all forms. In other words, subjects in the upright instruction 
group agreed more on which orientation of any particular form was 
upright than their counterpart subjects agreed on which orienta- 
tion of the same form was upside down. This difference is still 
another indication of the nonequivalence of the two instruction 
conditions. 

Responses to forms 5 and 6 deviated from the binary-vertical 
distributions in only one of the six tests applied. The majority of 
subjects across age-groups adjudged form 5 bars-down as upright 
and form 5 bars-up as upside down, except the fourth graders in 
the upside-down instruction condition. As for form 6, with upright 
instructions the majority of the children adjudged it upright when 
it was bars-down, but agreement that it was upside down when it 
was bars-up was mixed. The performance of the fourth graders for 
form 5 and the mixed judgment for form 6 in the upside-down 
condition exemplify well the nonequivalent operation of the two 
types of instructions within the vertical categories: 50%, 65%, 
and 70% of our subjects oriented form 6 with its bars down when 
instructed to make it upright, but only 20%, 40%, and 45% of their 
counterpart subjects oriented the same form with its bars up when 
given upside-down instructions. 

For forms 9 and 14, roughly 75% of Braine’s subjects at all ages 
judged the forms upside down with the black section at the bottom. 
Our subjects showed no such strong agreement, as is evident from 
Table 1. Indeed, in some cases, their strongest judgments of both 
‘upright’ and ‘upside down’ were of the forms in the same orienta- 
tion. 


We now consider forms 7 and 8, 10 and 11, and 15, all of which, 
when oriented horizontally, resemble—to varying degrees—the 
letter C. In Figure 4 these five forms are arranged in the order In 
which the subjects in the upright condition oriented them, 48 they 


presumably would have oriented a real letter C. Though the shapes 


| 
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KINDERGARTEN* KINDERGARTEN 2nd GRADE 4th GRADE 
(YOUNGER GROUP) 


Fig. 4. Distribution of C-like (horizontal, open to right) judgments, in the 
upright instruction condition, of five forms resembling the letter C (N = 24 
for Kindergarten®; all other Ns = 20). Forms are arranged in increasing 
order of resemblance to letter C, by post hoc analysis. 


of the distribution were different for each group, the ordering of the 
five forms was the same. (We were hoping for some similarity but 
hardly expected identity of ordering across three age-groups.) 
Figure 4 also presents the same judgments for a slightly younger 
group of kindergartners tested in a second study (Kindergar- 
ten"). Again the ordering is the same. We repeat that this ordering 
is post hoc. We currently are trying to get independent assessments 
of children’s judgments of the similarity of these forms to the 
letter C—and also to the letter U—to see whether their judgments 
jibe with the orderings shown here. i 
_ It is surprising how rarely the children who received upright 
Instructions (see Figure 4) placed these forms in what might be 
called ‘backward-C? orientations, that is, open-to-left orientations 
—surprising in view of the frequency with which young children 
Teverse letters in reading and writing. For the C itself (form 15), 
the Percentages of backward-C orientations were zero for all three 
Stades (and also for the young kindergartners); for the four 
remaining forms, the percentages were zero for the second and 
fourth graders, and averaged only 10% (range 59-15%) for the 
Indergartners, 

This same rejection of a ‘backward’ orientation for a form that 


230 HARRIS AND = 


is letterlike when horizontal can be seen in the ways the children 
judged form 13 as upright. Thirty-five percent of the kindergart- 
ners and 40% of the second graders made this form upright in the 
D-like orientation. Yet the percentages of ‘backward-D’ orients- 
tions were substantially smaller: 5% and 10%. The percentages - 
for fourth graders were equally low (15% in both instruction com- 
ditions. For all the ‘open’ forms, the children, when they did align 
the forms horizontally, aligned them with open sides facing right 
rather than left—in fact, the way most horizontally oriented 
English letters are oriented. 

The pattern of the relation between age-group and the pereent 
of letterlike orientations is nonlinear for all four C-like forms (ex 
cept the true C, form 15). For the four age-groups, beginning with 
the younger kindergartners from the second study mentioned above, | 
the mean percentages of judgments of C-like forms in C-like - 
orientations were 15%, 3196, 35%, and then down to 21% for 
fourth graders. 

Perhaps the shape of these distributions reflects the children's 
increasing familiarity with the critical features of letters, à familiar- 
ity which, through the second grade, increases the likelihood of 
their reponding to the forms as though they indeed were letters 
By fourth grade, however, perhaps the children have learned the 
features sufficiently well—that is, they can discriminate the let- 
ters so skillfully—that the letterlike forms now are not letterlike 
enough. (We reached the same conclusion on the basis of а prev 
ous study of children’s same-different judgments of letterlike forms; 
Schaller and Harris, 1969.) 

The pattern of responses to the C-like forms also illustrates 
our proposition that the two instruction conditions are nom- 
equivalent for certain forms. Only 1%, 6%, and 4% of the kinder 
gartners, second graders, and fourth graders respectively 
the C-like forms 180 deg from the C-like orientations (turned them | 
so that their open sides were facing left) when asked to make them 
upside down. Were these forms like letters that stand UP 
when oriented vertieally (such as the T, V, or Y), the € 
should have had no trouble turning them upside down. But when 
a form resembles a letter that is normally oriented horizon 
the problem of specifying what is upside down becomes 
more difficult. A letter C turned upside down by rotating it 180 deg 
is in fact a backward C. The data indicate that the children "n 
jected backward C's as eandidates for upside-down C's. Ant, 
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tour, ^ C turned upside down by up-down reversal is identical 
the upright C. These facts about rotational transformations of 
ters one might not expect young children to apprehend. 8o, in- 
structed to make the letter or letterlike form upside down, the chil- 
dren did all they could—they simply aligned it in some orienta- 
Чоп other than baekward- or forward-horizontal; thus in the 
Prevent case, in either a vertical or an oblique orientation (as 
shown in Table 1). 


DISCUSSION 


In summary, these data suggest the need for caution in referring 
to these forms as ‘nonrealistic.’ If they do not resemble real objects, 
Many of them do resemble—and apparently are responded to as— 
English letters. Therefore, any attempt to understand the bases on 
Which they are judged as having orientations in space cannot be 
limited to an analysis of intrinsic factors. Under some condi- 
tions, certainly, an analysis in terms of intrinsic factors such as 
focal point, distribution of mass, lines of symmetry, taper, texture 
And light gradients, may account fully or primarily for children's 
for adults’) judgments of the orientation of such forms. 

But if the form bears any resemblance to an English letter, then 
the intrinsic factors may be balanced or even overpowered in 
influence by the fact that the form is recognized as a letter. Thus 
ile symmetry, ‘balance’ or ‘stability,’ and distribution of 
mass predispose form 15 to be oriented facing down, its identifi- 
tation as the letter C will cause it to be oriented facing right. This 
"Botion implies difficulty for any developmental analysis of the role 
Of intrinsic factors in the discrimination of orientation, because 


Symmetry, All the forms used, in both Braine’s experiment and 
› have one axis of symmetry and usually were oriented with 
axis vertical. The exceptions were the forms that resembled 
"ters whose orientations are horizontal. Knowing that the axis 
Oriented vertically does not, however, tell us which end of the 
is the top and which the bottom. For judgment of top and 
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bottom, intrinsic factors other than line of symmetry, factors such 
as distribution of weight, taper, and Braine’s ‘focal point, 
must be considered. 

The data also suggest that an analysis of the factors whieh 
govern a form’s designation as upright may or may not help us to 
understand the bases for the designation of the upside-down 
orientation of the same form. Whether the form is letterlike and 
whether the letter is normally oriented vertically or horizontally 
seem to be very important factors. 

There are other factors about which we can only speculate at, 
this point. For instance, some objects or representational forms 
have one unequivocal upright orientation (house, man, car), while 
others can be oriented upright in more than one position (key, pencil, 
book, fork, eraser). It would appear that this characteristic, whether 
the object is ‘monoriented’ or ‘polyoriented,’ would affect the de- 
gree to which one could successfully infer the object’s right-side-up. 
orientation from its adjudged upside-down orientation, and vice 
versa. It probably is acceptable to infer that the monoriented 
house or car would be judged right side up when turned 180 deg from 
the position in which it is judged upside down, but this inference 
is suspect for the polyoriented pencil or fork. A similar objection 
can be brought, a fortiori, to the assumption that the choice of 
‘upside down’ for a certain orientation of a nonrepresentatio 
form implies that its opposite is right side up. Only then, for 
forms 2, 3, and 4, the only unequivocally monoriented forms used, 
would we expect an accurate inference of one orientation from 
the other. 

Whether or not a realistic form is monoriented might not de- 
pend totally on the extent of agreement about its *upright 
orientation. For instance, assume that 100% of a sample of adults 
agreed that an ordinary sharpened pencil was upright with its 
writing point up, its eraser end down. (In fact, we have found 
the agreement is not 100%, but it is useful to assume perfect, agree 
ment for purposes of this illustration.) Assume also that le 
same persons agreed that a man, a table, and a horse were uprigh 
when their heads were at the top, their feet at the bottom. (In fact 
all our adults did agree to this.) On this basis, the pencil, m» 
horse, and table could be said to be monoriented. But now ar 
each figure 180 deg from its judged upright position and ask t i 
adults whether each is now upside down. They agree with я 
hesitation that the man, horse, and table are upside down, but som 
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of them feel “funny” describing the pencil as ‘upside down’ with 

iting point at the bottom, its eraser at the top, for that is how 
they hold the pencil when they write. In other words, a pencil can 
‘be upside down, but with respect to some particular function 
rather than with respect to gravity. 

This example, if accurate, portends even greater difficulty for a 
developmental analysis of the role of intrinsic factors in the dis- 
crimination of orientation. For if the forms are seen as representa- 
tions of real objects and not representations of letters, we must now 
be concerned with the character of these objects. How are they 
Normally oriented? Are their upside-down orientations 180-deg 
transformations of their right-side-up orientations? Do they have 
clearly defined orientations at all? How does the judgment of 
Orientation of real objects themselves change with the age and 
\ ience of the observer? These are some of the questions we 
trying to pursue in further work. 


Notes 
Portions of this research were reported to the Psychonomie Society, Novem- 
ber 7, 1969, Saint Louis, Missouri. The authors are grateful to the principal, 
saff, and students of the Spartan Public School, East Lansing, Michigan, and 
Midway Public School, Holt, Michigan, for their generous cooperation in 
study. Thanks also are due Daniel C. Gutkin and Gary C. Johnson for 
А assistance, and Nancy Hammond for her criticisms. The research was 
‘Supported in part by a National Science Foundation biomedical grant and а 
Michigan State University faculty grant to the first author. Dr. Schaller is 
BOW at the University of Wisconsin, Madison. Received for publication 
2, 1970. 
1. Braine, however, mentioned obtaining substantially similar results with 
‘ubjects given “the pile of cards, in random order and orientation, with in- 
‘Structions “to place each card in the right-side-up position” (1961, p. 184). 
The five. and six-year-olds however, “did turn some of them so that the 
Were ‘symmetrical about the horizontal axes,’ . . . Primarily ч.8 
‘Siteular figures with an open portion, and the closed crescent. In these 
stances the children spontaneously said, “‘looks like а Әр, ‘looks like а C’ 
E. al communication to LH, November 18, 1969). Mie e 
Strict! aking, comparing our data with Braine is not possible for 
E "deviant? cells Tn other WOR since the subjects’ ‘upright’ judgments fell 
dn Vertical categories 1 and 2 for form 12 only 45 and 25% of the time, 
dd Tesulted in a significant nonvertical distribution, we could not bran 
{ist had only the two vertical categories been provided; there still woul 
have been about twice as many category 1 judgments as category 2 judgments. 
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PATTERN COMPLEXITY AND 
RESPONSE TO DISTINCTIVE FEATURES 


Robert Pasnak 
Catholic University of America 


Experiment I showed that subjects respond to distinctive parts of complex 
random forms but to the whole contour of simple random forms. Experiment 
II showed that the probability that a subject would respond to a given part 
9f à form was a linear function of the probability that that part had per- 
mitted correct discrimination in his past. The implications for differentiation 
theory are discussed. 


Several experimental investigations indicate that in discrimi- 
nation tasks, particular parts of a contour may be more critical 
than the characteristics of the whole contour. For example, French 
(1954) found that dot patterns of 7 elements were more easily 
identified than those of 3 or 12 elements. French explains this 
by asserting that when the ‘point of optimum detail’ is exceeded 
the subject can no longer perceive the pattern as a whole and 
can respond only to parts, so that he often fails to discriminate 
correctly. 

Anderson and Leonard, working with histograms (14-16 
Sides), also infer that subjects respond only to parts of forms, 
since discrimination was easiest for completely random figures. They 
Assume, from inspecting their figures, that randomness provides 
distinctive details, and they hypothesize that “the advantage 
of random figures in a recognition task must result from [the 
Subject’s] ability to make his discrimination on the basis of dis- 
tinctive parts of the figure” (1958, p. 269). Likewise, Rappaport, 
In a study of the role of pattern redundancy, found that his sub- 
lects (verbal reports) “almost unanimously agreed that . . . they 
Made little or no effort to look at the whole figure but examined 
Instead some part of the figure that was sufficient to identify it. If 
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one detail was not sufficient for positive identification . . . , then 
... they examined two or three details” (1957, p. 6). 

This assumed response to parts of the contour cannot be directly 
measured in the design of any of these experiments, and hence such 
inferences must be regarded as speculative. Attneave, on the 
other hand, used forms constructed by successively mirroring one 
part, to measure more directly the assumed tendency of subjects to 
respond to limited portions of a pattern’s contour. He found only 
slight evidence for part perception, as his subjects “made only 
limited use of the potentialities for economical encoding inherent 
in symmetrical figures” —and they did so in only one of three experi- 
ments (1955, pp. 213-214). 

In attempting to determine the role of certain parts in form 
discrimination, the complexity of the form should be carefully 
considered. The human face alone, for instance, consists of more 
than half a hundred lines and ares, and it seems unlikely that all 
or most of so complex a form's elements would have important 
roles in discrimination. The experimental literature of form per- 
ception deals with forms much simpler than those encountered 
outside the laboratory: seldom has the number of elements ex- 
ceeded two score (40), and often it has been less than a dozen. The 
simplicity of the experimental material may well account for the 
scant evidence for discrimination on the basis of distinctive parts, 
and an underestimation of its importance. Even Gibson (1969), 
who has constructed an extensive theory of form discrimination 
on the basis of distinctive features, presents this type of diserimi- 
native response to part of a contour as applicable to perception of 
forms by children but difficult to demonstrate in the case of 
adults. It would seem, however, that in the case of forms which 
have a higher, more realistic level of complexity, it is reasonable 
to hypothesize that adults do respond perceptually primarily to that 
part of a form’s contour which has been most often different from 
comparison forms; when a form is relatively simple, on the other 
hand, their perceptual response may be based equally on all por- 
tions of its contour. Experiment I was designed to test this hypo 
thesis. 


D 


EXPERIMENT I 


‘Perceptual response’ for the purpose of this experiment js de- 


fined as discrimination, following the suggestion of Gibson 4P 
Gibson (1955). 
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Method 


—Stimulus construction—Two sets of 72 forms, a complex set and a simple 
set, were constructed to test the hypotheses. For the complex set, forms con- 
sisting of 48 line segments were generated on a 6-in. grid ruled in 1/4-in. 
gradations so that their contours were divided into eight regions of equal 
area containing 6 line segments each (Figure 1). 


Fig. 1. Standard patterns for complex set and for simple set, Experiment I 


The first form generated was designated the standard. The next 63 forms 
generated were training-comparison forms. These training forms differed from 
the standard in the arrangement of the line segments in two regions but were 
identical to the standard in the other six regions. The comparison forms 
were divided into eight subsets of 21 members each, every form being used 
in more than one subset. The members of each subset shared the character- 
istic of differing from the standard in one region, designated the 100% region. 
The other seven regions were designated 14% regions, since one-seventh of the 
forms differed from the standard in each of the regions. Thus, subset 1 con- 
sisted of three comparison forms differing from the standard in regions 1 and 
2, three differing in regions 1 and 3, and so on. The balanced method of 
assignment of regions to the 100% and 14% conditions prevents the prob- 
ability factor from being confounded by differences between regions, since 
each region acts as its own control. 

Eight more forms, designated test-comparison forms, were generated, each 
differing from the standard in a single, different region, so that each region 
Was represented by one of the test-comparison forms. j 

The set of 72 simple forms (1 standard, 63 training-comparison forms, and 
8 test-comparison forms) was generated in the same way, except that ep 
Vere only 2 line segments per region, so that each form's contour consisted 0! 
16 line segments. , 

2 The patterns were cut out, photographed on а black background, and made 
Into 2 by 2 in. negative slides. 


—Subjects— The subjeets were 160 male and female volunteers from an intro- 

ductory psychology course. They received extra credit in the course for par- 

ticipating in the experiment. 

~Apparatus—Slides were projected on a 9 ft by 8 ft 6 in. screen by E 
A950 Carousel projector. Time of presentation was controlled by a Wollen- 
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sak tachistoscopic shutter connected in series with a Hunter 111D timer, a 
Lafayette interval timer, and a General Radio Variac. 


—Procedure—The subjects were given a response sheet with these instructions 
on it: “This experiment is designed to show how people recognize patterns. 
You are going to see randomly drawn white polygons with many irregular 
sides. One polygon will be the standard. It will come on for one second, then 
there will be a five second pause. Next, another polygon called the comparison 
will come on for one second. Your task is to tell whether the polygons are 
identical or different. You write ‘I’ on your paper if they are identical, and 
‘D’ if they are different.” There was a 5-sec pause for responding. The sub- 
jects were seated at distances varying from 11 ft 2 in. to 18 ft 10 in. from 
the screen. The experiment was carried out in a well-lighted room; ambient 
luminance of the screen was 1.07 log ftL. The patterns appeared to the sub- 
jects as white polygons on the gray background of the screen and were ap- 
proximately 60 in. square. 

The subjects were shown the time sequencing, using a cartoon figure and 
a blank slide. During this experiment, they were always told when the patterns 
were about to appear on the screen. 


—Training—Eight groups of 10 naive subjects each were trained on the eight 
subsets of complex training-comparison forms, one group on each subset. The 
groups were trained separately in sessions lasting approximately 45 min. Each 
group was required to discriminate between 42 pairs of forms. The first mem- 
ber of each pair was the standard. The second member of 21 of the pairs was 
a replica of the standard, which was thus used as a comparison form. The 
second members of the other 21 pairs were the seven training-comparison 
forms from the particular subset on which the group of subjects was being 
trained, which were thus presented three times each. Presentation of the pairs 
of forms was randomized, with the restriction that none of the seven com- 
parison forms appear twice before each of the others appeared once and that 
none appear three times before the others had appeared twice, 80 that the 
training data can conveniently be analyzed in terms of three ‘stages’ of train- 
ing. Subjects were not apprised of these stages. This training establishes the 
100% region as a distinctive feature that provides a sufficient pasis for correct 
discrimination. 

Eight more groups of 10 naive subjects each were similarly trained on the 
simple forms. Groups trained on simple forms were run alternately W! 
groups trained on complex patterns. 


—Testing—At the end of their respective training sessions, the eight expen 
mental groups trained on complex subsets of patterns were tested with te 
eight complex test-comparison forms. These forms differ from the complex 
standard in only one region (one differing in region 1, one differing in region 
2, and so on). The test consisted of one trial on each of 16 pairs of form 
The first member of each pair was the standard. The second member 0 
the pairs was a replication of the standard, used as a comparison form. 
second members of the other 8 pairs were the eight test-comparison orm. 
The 16 pairs were presented in random order. Subjects were not informe 
that training had ended and testing begun, nor of the number of test’ 
parison forms or standard replications. The experimental hypothesis pre g 
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The 


DISTINCTIVE FEATURES 239 


that subjects should make relatively fewer errors discriminating the standard 
from test-comparison patterns differing in the 100% regions than in the 14% 
regions. 


Results 


Lindquist's Type I analyses of variance (1953, p. 178) were 
employed throughout, with the group's scores, not the individual 
subject’s scores, as the unit of analysis. Use of the group's scores 
provides a very conservative analysis but is particularly neces- 
sary for the test data, since each subject’s score per cell consists 
of a 0 or 1 depending on whether or not he erred on the test-com- 
parison form for a given contour region. 

The improvement during training (F — 12.76, df — 2,28, p < 
01) is shown in Figure 2. Although the overall effect of complexity 
was not significant (F = 1.95, df = 1,14, p > .05), a high level 
of performance was reached more quickly on the complex forms, 
Tesulting in a significant interaction of complexity and training 
(F = 7.27, df = 2, 28, p < .01). This result is similar to the one 
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Fig. 2, Total error scores during training on complex and simple patterns, 
Xperiment T 
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that Deese obtained for his regular polygons but not for his ir- 
regular ones (1956). He was led to suggest that the processes of 
discrimination might depend on the type of polygon. However, 
since the forms used in the present experiment were certainly 
‘irregular’ rather than ‘regular’ in the context of Deese’s experi- 
ment, the ‘type’ of form is probably not the reason for the differ- 
ence in results he encountered. Instead, the level of complexity 
seems crucial, since the forms used in this experiment were a good 
match for Deese’s regular polygons in terms of complexity, while 
his irregular polygons were all much simpler. 

The purpose of the testing procedure was to determine whether 
the subjects responded to all portions of the form’s contour. Ac- 
cordingly, test-comparison forms were presented that differed from 
the standard in one or another portion of the contour. Failure to 
perceive a particular portion of the contour would result in a false 
report that the respective test-comparison form was identical to the 
standard. These mean failures to detect a difference in a region of 
contour were 3.13 and 3.48 for the 100% and 14% regions of 
simple patterns, and 3.30 and 4.74 for the 100% and 14% regions 
of complex patterns. 

Analysis of these results showed a significant effect of proba- 
bility (F = 11.18, df = 1,14, p < .01) and a significant inter- 
action of complexity and probability. For complex forms, there 
were fewer errors on the test-comparison forms differing from the 
standard in the 100% region than on those differing in à 14% 
region. This result was to be expected, since the 100% region was 
always a reliable cue during training, whereas a 14% region was 
not a reliable cue. However, for the simple forms the difference 
between 100% and 14% regions was small, resulting in an inter- 
action of complexity and probability (F — 6.35, df — 1,14 2 s 
.05). Thus, for simple forms the ‘distinctive features’ that had р 
vided real “dimensions of difference” (Gibson, 1969) —regions 
of contour that had always allowed correct discrimination of the 
form—were not favored over the rest of the contour as 4 basis 
for discriminative response. 

Discrimination was significantly worse for the complex forms 
during testing than for the simple forms (F = 4.69, df = 1,14? 4 
.05). This result is not surprising, because while subjects 1% 
sponded to the whole contour of simple forms, they show! 
tendency to base their response on one part of the contour e 
complex forms. During testing, this part of the contoul— 


DISTINCTIVE FEATURES 241 


100% region—was not a reliable cue, although it had been an 
excellent cue during training. Responding to it produced extra 
errors during testing, if the form was complex, since the rest of 
the contour was likely to be ignored. 


EXPERIMENT II 


The hypothesis that subjects would respond more to some parts 
of the contour of complex forms than to other parts was sub- 
stantiated and, as predicted, the ‘distinctive features’ concept had 
less validity when applied to simple forms. The subject apparently 
responds to all of a simple form’s contour with little extra em- 
phasis on parts particularly useful in discrimination. However, the 
direction of the difference in number of errors for the 100% and 
14% regions was the same. This may indicate that part of a sub- 
ject’s perceptual response to a form is based on characteristics 
besides its most distinctive features. Experiment II was conducted 
to determine how reliable a cue a portion of contour has to be 
in order for a subject to base his discriminative response on it. To 
answer this question a range of probabilities was tested with com- 
plex forms. 


Method 


—Stimulus construction—A set of complex forms having 48 sides was 
generated by the method used in Experiment I. The first form generated was 
designated the standard. Eight subsets of training-comparison forms were also 
generated, each subset consisting of nine forms. All nine training-comparison 
forms in any set differed from the standard in the arrangement of the six 
© segments in one region, which was designated the 100% region. Six of 
these same comparison patterns also differed in a second Tegion, designated 
the 67% region. Three of the nine comparison forms also differed in а third 
Tegion, the 33% region. For all nine forms, a fourth apenas designated бе 
0% region and never differed from the standard. The interactions of these 
different contingencies results, for each set of nine training-comparison ico 
In two forms differing from the standard only in the 100% and 61% d 
one form differing from the standard only in the 100% and 33% regions, an 
two forms differing from the standard only in the 100%, 67%, and 33% regions. 
Ach region acts as its own control, appearing equally often as а 100%, 67%, 
33%, and 0% region. Therefore, significant differences between the prob- 
abilities cannot be confounded by differences between regions. — 
ext, 16 test-comparison forms were generated, each form differing from 
le standard in only one region. Thus, there were two test-comparison forms 
sting from the standard in region 1, two differing in region 2, and so on. 
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—Subjects—Eight groups of 10 new subjects each were obtained from intro- 
ductory courses for this experiment. 


—Procedure—The procedure was identical to that of Experiment I, except 
that there were 54 training trials instead of 42, since there were more training 
forms. Eight groups of 10 subjects each were run, one group on each of the 
eight sets of training-comparison forms. 


Results 


The improvement during training was linear and significant 
(F = 63.71, df = 1,14, p < .001). When the subjects were tested 
on these complex forms, probability had a significant effect (F = 
4.96, df = 1,18, p < .05), corroborating Experiment I. The unit 
of analysis was again the group totals for failures to discriminate 
the standard from the comparison form. The effect was linear; 
nearly twice as many errors were made on the 0% region, which had 
never been a dimension of difference during training, as were 
made on the 100% region, which was always a dimension of 
difference during training (note Figure 3). All comparisons of 
individual treatment means were significant at the 01 level ac- 
cording to Duncan’s multiple-range test, except between the 67% 
and 33% means. Although the total number of errors was not 
great, some parts of a form’s contour demonstrably played a more 
important role in discrimination of the form than other parts. 
Although fewer errors were made on ‘corner’ regions at all prob- 
abilities, this position effect (corner versus medial regions) fell 
short of significance (F = 5.30, df = 1,5, p > .05), and there was 
no significant interaction of probability and position (F = 4 
df = 3, 18, p > .05). 


DISCUSSION AND CONCLUSIONS 


The major implications of Experiments I and II are quite clear. 
Subjects have a tendency to respond to those parts of 8 complex 
form’s contour that have in the past differentiated this form from 
others. There is a linear relation between the degree of this " 
sponse emphasis on a particular part and the past probability o 
differentiation by this part. However, for simple forms the su” 
ject apparently responds to all of the contour equally; there Р 
little response bias for different parts of the contour, regar E 
of differences in the extent to which they have differentiated be 
tween forms. 
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Fig. 3. Total failures to discriminate the standard from the comparison form, 
аз a function of probability for ‘corner’ and ‘medial’ regions, Experiment II 


The results of Experiment I also indicate that interpreting part 
Perception in terms of the 7-unit ‘span of apprehension’ may be 
premature, since perception of the whole contour persisted in pat- 
terns of 16 sides (French, 1954). The experiment by Deese indi- 
cates that subjects may identify forms of this complexity level by 
relating them to some familiar object. In his words, “St seems rea- 
sonable to suppose that in the case of the forms that are coded 
they are perceived as a whole and responded to on the basis of a 
general impression of their shape. Forms that are infrequently 
coded are probably identified on the basis of some salient features 
of the contour and thus identified by part” (1956, 56-60). Al- 
though Deese used a longer—10 sec—exposure time and different 
types of forms, his supposition is supported by the direct evidence 
of Experiment I that discrimination of complex forms is more 
likely to be based on specific parts, while for simple forms all 
Parts of the contour have an equal role in discrimination. 

The relevance of the finding that a high level of complexity was 
Necessary for part perception to become important may be in- 
ferred from the fact that Deese obtained the expected differences 
between responses to simple and complex ‘regular’ forms but not 
irregular! ones, However, while his complex regular forms (45-55 
Sides) and simple regular forms (16-17 sides) are comparable in 
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complexity level to the 48- and 16-sided forms used in the present 
study, his irregular forms had only 10-12 and 23-27 sides respec- 
tively. The failure to obtain a complexity effect with the irregular 
forms may be due to the fact that the complex irregular forms 
are probably too simple, though comparable to those used in other 
studies. The data of Vanderplas and Garvin (1959), for instance, 
indicate no difference in association value for forms with 12 and 
24 sides, The difficulty Attneave (1955) encountered in demon- 
strating response to parts of dot patterns may have been also due 
to the levels of complexity he used. Forms having many more sides 
might well have shown a larger effect with the same experimental 
manipulations. It is difficult, however, to generalize confidently 
from one experiment to another, for, as Attneave has demon- 
strated, different perceptual measures—identification, reproduc- 
tion, and so on—sometimes produce different results, and time and 
stimulus parameters also vary widely. 

Since the forms with which subjects ordinarily deal in the 
nonlaboratory world are much more complex than those used in 
experimental research, it seems appropriate to conclude that ex- 
perience may often have an important role in determining what 
features of these complex contours are the basis for discriminative 
response. Those parts that have consistently marked a difference 
between forms are favored over those that have only sometimes 
or rarely denoted a difference, except in the case of simple forms. 
Differentiation theory lends itself to this interpretation of the 
present data (see Gibson, 1969) and could profitably be modified 
to account for the effect of complexity and to define more precisely 
the role of experience. 


Notes 


This research was supported in part by USPHS Grant МН-1061-1 from the 
National Institute of Mental Health. The author thanks R. B. Freeman, ib 
for his help in formulating and conducting the experiment, and James Starling 
for suggesting methods of statistical analysis. Received for publication January 
20, 1969. 
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IMAGERY IN ASSOCIATIVE LEARNING AND MEMORY 


Martin Bolt 
Michigan State University 


Three experiments were conducted to determine under what conditions, if any, 
presenting picture cues on the learning trial can facilitate the free recall of 
nouns. The presentation of picture cues facilitated the free recall of concrete 
nouns (Experiment I) but not of abstract nouns (Experiment II). The influ- 
ence of the arrangement of pictures cues was unclear, since arrangement M- 
fluenced the number of cues the subjects could recall (Experiment III) but not 
the number of response words (Experiment I). 


Mnemonic systems that involve the use of imagery and the 
formation of associations between a well-learned series of words 
(‘peg’ list) and the set of words to be remembered have recently 
undergone experimental investigation (see Bugelski, Kidd, and 
Segmen, 1968; Paivio, 1968; Wood, 1967a). Verbal cues have been 
used as pegs, and the subjects have usually been instructed to trans- 
form the verbal cues to images of objects before employing them. 
The present study attempted to extend the previous work 0n 
mnemonie deviees by investigating the effectiveness of pictures 48 
pegs. 

Earlier studies investigating the use of verbal cues in f 
have indicated that the presence of a cue during learning 
effect unless the cue is also presented at recall (Crouse, 
Tulving and Osler, 1968; Wood, 1967b). However, until the 
ent experiment there had been no attempt to investigate whet ia 
presenting a picture cue on only the learning trial would facilitate 
recall if the subjects were instructed to associate the to-be-remen 
bered words with the pictures. It seemed plausible that the test- 
trial pictures, being easier to recall than the words (see P 
Rogers, and Smythe, 1968), might thus ‘mediate’ recall of the a 
be-remembered list. The arrangement of the pictures W4 98 
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manipulated, since it was felt that the ‘presentation order’ of the 
pictures might influence the availability of the cues and, con- 
sequently, the extent to which the pictures facilitate the recall of 
the words to be remembered. The arrangement of the picture cues 
was expected to influence performance when the picture cues were 
presented for the study trial only, but not when the picture cues 
were also presented for the recall trial. Word cues were expected to 
facilitate recall only when presented on both learning and recall 
trials, 


EXPERIMENT I 
Method 


—Design and materials—A 3 x 2 factorial was used, with the nature of cues 
(organized pictures, unorganized pictures, or words) and the nature of recall 
(cues or no cues) being manipulated. An additional control group received 
no cues and was given standard free-recall instructions. 

Each of the three sets of cues consisted of 32 items presented on a 12 by 18 
in. sheet of paper. The organized-pictures set was composed of $2 colored 
pictures depicting a highway intersection (see Reynolds, 1966) that included 
4 gas station, shopping center, farm, church, truck, bus, mountains, trees, and 
80 on. The unorganized-pictures set consisted of the identical pictures presented 
in a random arrangement. The third set of cues consisted of 32 words in the 
Same positions that the 32 organized pictures occupied. The word cues were 
the labels for the 32 pictures. 

A response (to-be-remembered) list of 32 words was used. The response 
Words were selected from the Paivio, Yuille, and Madigan norms (1968) 


= had concreteness values ranging from 6.38 to 7.00 with a mean rating of 
86 


—Procedure— The subjects were 98 students from introductory psychology 
courses at Michigan State University. Fourteen were randomly assigned to 
each of seven groups. All subjects were run individually and were given 
Such general information about the experiment as the nature and number of 
Words to be recalled and the rate at which the words would be presented, 
€ six groups receiving cues were given instructions on their use. That is, the 
Subjects were told to associate the response words with the cues through 
Imagery. They, were told they would not have to recall the cues; they were 
also told whether the cues would be available at recall. ' 
Тһе response words were read at a 5-sec rate. Following the presentation of 
* response list, the subjects had as much time as they wanted for written 
all. No subject took longer than 5 min for recall. 


Results and discussion 


The mean numbers of words correctly recalled for the six ex- 
Perimenta] groups are presented in Table 1. Picture groups were 


Table 1. Mean scores for the six experimental groups of Experiment I 
کے‎ сүс o 


Nature of cues 


Unorganized Organized 
Nature of recall Words pictures pictures 
No cues 
M 13.36 17.50 18.36 
SD 3.64 3.50 3.39 
Cues 
17.79 19.57 18.93 
SD 5.60 4.27 2.69 


——————————————— 


superior to the corresponding word groups, and groups presented 
cues at both learning and recall tended to do better than groups 
presented the cues only at learning. A 3 X 2 analysis of variance 
indicated that both the nature of the cues [F (2,78) = 5.06, P 
< .01] and the presence of cues during recall [F (1,78) = 6.93, 
p < .05] were significant. However, neither the interaction between 
the main effects [F(2,78) = 1.57, p > .05] nor an orthogonal 
comparison between the organized- and unorganized-pictures Con- 
ditions was significant (F < 1). 

An orthogonal comparison between the average of the picture 
conditions and word condition was significant [F (1,78) = 10.10, 
p < .01]. Since previous research has indicated a superiority of 
pictures over words both in free-recall and paired-associate learn- 
ing, it seems plausible that the superiority of picture cues Was due 
to the better recall of the picture cues and the greater effectiveness 
of pictures as cues than words as cues. 

The mean number of correct responses for the control group was 
13.14. Although there was no significant difference between the 
control group and the experimental group presented word cues only 
during learning (F < 1), the performance of the unorganz# т” 
pictures group presented cues only at learning was significantly 
better than that of the control group [F (1,91) = 7.76, P < 01]. 
Since the mean scores for the four remaining experimental groups 
were higher than that of the unorganized-pictures group prese 
cues only at learning, the subjects in the four remaining groups 
were significantly better than the control subjects. 

Thus, the results of Experiment I indicate that picture cues рге" 
sented only on the learning trial can facilitate recall but that wo 
cues presented only during learning do not facilitate reca 


purpose of Experiment II was to determine the reliability and 
generality of this finding by investigating whether presenting cues 
only during learning can facilitate the recall of abstract as well as 
-eonerete words. 


EXPERIMENT II 


| Design and materials—A 2 x 2 factorial was used in which cuing (picture 
és or no cues) and the nature of the response list (concrete or abstract 
Words) were manipulated, The 32 organized pictures used in Experiment I 
the only cues used in this experiment. Two response lists of 32 words 
bach were selected from the Paivio, Yuille, and Madigan norms (1968). The 
Mean concreteness value was 6.82 for the concrete list and 1.69 for the ab- 


ocedure—The procedure was essentially identical to that of Experiment I 
ept that the nature of recall was not manipulated. All subjects who re- 
ed cues received them only during the learning trial. The 56 students from 

itroductory psychology courses at Michigan State University who participated 
in this experiment were randomly assigned to the four conditions such that 
M subjects were in each condition. 


ts and discussion 


- The mean numbers of words correctly recalled were 19.57, 15.21, 
2.64, and 13.50 for the cued-conerete, concrete-control, cued- 
abstract, and abstract-control groups respectively. An analysis of 
nce on these data indicated that the nature of the response list 
nificantly influenced performance [F(1,52) = 6.08, p < 05] 
that cuing did not [F(1,52) = 2.74, р > .05]. The most im- 
tant result of this experiment was the significant interaction be- 
response list and cuing [F(1,52) = 607, p < 05]. This 
ng indicates that the effectiveness of picture cues in facilitating 
depends on the nature of the items being recalled. Although 
е cues presented during learning can improve the recall of 
ete nouns, picture cues are not effective in facilitating the 
e-trial free recall of abstract nouns. The subjects who received 
abstract list probably had difficulty in forming associations 
en the pictures and the abstract words. Perhaps with addi- 
practice they would have been able to establish these associa- 
and thus use the picture cues effectively. 
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EXPERIMENT III 


An unexpected finding of Experiment I was that unorganized 
pictures were as effective as organized pictures in mediating recall 
of the response list when the cues were presented only at learning. 
It had been predicted that if picture cues were presented only at 
learning, then the recall of groups presented the pictures in & 
meaningful arrangement should be superior to the recall of groups 
presented the pictures in a random arrangement. The failure to find 
higher recall for the subjects who received the meaningful arrange- 
ment suggests that the arrangement did not influence the number of 
picture cues recalled or that the number of picture cues did not 
influence the number of response words recalled. The purpose of 
Experiment III was to test whether the arrangement of picture cues 
influences the number of cues recalled. 


Method 


One group was presented 32 pictures in a meaningful arrangement, and а 
second group received the same pictures in a random arrangement. A third 
group was presented the 82 word labels of the 32 pictures. The word cues 
were presented in the same positions that the pictures occupied in the or 
ganized-pictures group. 

The materials utilized were the three sets of cues from Experiment I. The 
only difference was that in this experiment the names of the 32 pictures were 
printed next to the appropriate objects. The subjects were 48 students from 
introductory psychology courses at Michigan State University; 16 subjects 
were randomly, assigned to each of the three groups. All subjects were run 
individually and were given standard free-recall instructions. The pictures 
or words were presented for 30 sec. Following presentation each subject was 
instructed to write down as many words, or in the case of pictures, 48 many 
labels, as he could recall. 


Results and discussion 


The mean numbers of correct responses were 15.19, 11.44, and 
9.00 for the organized-pictures, unorganized-pictures, and wor 
groups respectively. An orthogonal comparison between the organ- 
ized- and unorganized-pictures conditions was significant [F (1,45) 
= 13.04, p < .01], indicating that pictures presented in a meaning 
ful arrangement are more easily recalled than pictures presented in û 
random arrangement. An orthogonal comparison between the a 
age of the picture groups and the word group was also significa? 
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[F (1, 45) = 22.98, р < .01], indicating that pictures are more easily 
recalled than words. This is consistent with earlier studies (e.g., 
Paivio, Rogers, and Smythe, 1968) that have found recall to be 
higher for pictures than for their labels. 

The superior recall of ‘meaningfully’ arranged pictures over 
randomly arranged pictures is consistent with earlier studies. Earlier 
studies, however, have used verbal items as materials, with organ- 
ization being manipulated through presentation order (e.g., Earhard, 
1967; Tulving, 1965). The present experiment indicates that the 
relationship between presentation order and recall maintains even 
when pictures are used instead of words. 

In light of the findings of Experiment I, the fact that meaning- 
fully arranged pictures were more easily recalled than randomly 
arranged pictures suggests that the availability of additional cues 
does not necessarily result in better response-word recall. If the re- 
sults of Experiment III accurately indicate the number of cues that 
were available to the subjects in Experiment I, it appears that there 
is little difference in recall of response words when the subjects are 
able to recall 11 cues (unorganized pictures) than when they are 
able to recall 15 cues (organized pictures). 


Notes 


This paper is based on a doctoral dissertation submitted to the Department 
of Psychology, Michigan State University. The invaluable assistance and 
Suggestions of Gordon Wood, chairman of the author's committee, are grate- 
fully acknowledged. Thanks are also due Joe L. Byers, Donald M. Johnson, 
and James L. Phillips. The author is now at Calvin College, Grand Rapids, 
Michigan, Received for publication August 11, 1970. 
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SEMANTIC ORGANIZATIONS AND 
MEMORY FOR RELATED SENTENCES 


Ralph Y. Sasson 
University of Alberta, Canada 


Two experiments investigated the effect, on recall, of various organizations of 
Telated sentences, organizations based on meaningful relationships between 
the sentence parts. Learning was highest when the organizational sequence 
_ of sentences was both thematic and temporal, lowest when it was temporal, 
‘and intermediate when it was based on the logical subjects of the sentences. 
The different parts of the sentences were differently recalled depending on 
the organization. 


Research directed at uncovering the variables operating in the 
learning and recall of meaningful verbal material has neglected 
what is thought to be a very important problem: the organiza- 
tional roles played by the relationships between parts of syntacti- 
tally correct sentences. This problem is important because mean- 
ingful interpart relationships may frequently play a central role 
in the recall and organization of material. Consider an in- 
dividual who is studying the French Revolution of 1789. This 
individual will ‘master’ the material better if he perceives how 
One event gave rise to another and attempts to organize the ma- 
terial in a logical and coherent manner than if he tries to blindly 
Memorize the events involved. His memory of the different parts 
Of the material might possibly also be different depending on the 
Organization used when the material was being learned. 

By the phrase ‘meaningful ways of relating parts of the ma- 
terial’ is meant, then, ways that relate the parts according to their 
Semantic features (e.g, cause and effect features, temporal 
features), and not according to arbitrary incidental characteris- 
ties or artificial mnemonic devices. А 
| The notion that meaningful interpart relationships exercise an 
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effect on the organization of meaningful verbal material or sen- 
tences (as in this study) is not new. Bousfield (1953) and many 
other subsequent investigators have demonstrated that subjects 
in free recall tend to retain words or items in clusters when these 
items are members of a common conceptual category. Since 
sentences can also be conceptually related, can pertain to the same 
theme, and ean have other meaningful relationships between each 
other, it is not unreasonable to expect that sentences having such 
relationships may be recalled in clusters. 

Now, there are many possible ways in which information from 
related sentences can be organized. Analogously to the category- 
clustering phenomenon, sentences can be related around a common 
theme; when the subject is asked to recall the sentences, he first 
recalls the theme and then ‘reconstructs’ the sentences. Such a 
thematic organization implies that information from sentences in, 
say, a historical passage is filed or ordered according to the nature 
of events (and not according to less important details such as 
dates or names) and that events pertaining to the same topic are 
grouped under the same superordinate label (theme). Thus, m 
order to retrieve other information, the subject would usually have 
to recall the event first in order to retrieve those other details. 

Other organizations, however, are possible. In а temporal or- 
ganization each event and other information can be ‘listed’ or 
filed under its particular date of occurrence. The sequence of dates 
can be temporally ordered; the subject goes through this sequence, 
recalling at each date the particular event. This could be 8n 
efficient plan to retrieve items from memory. The thematic and 
temporal kinds of memory structures (which is probably t00 
simple a distinction) are schematically presented in Figure 1 
Note that in the thematic organization there is no hierarchy 
(temporal or other) between events. In the temporal organization, 
however, dates are temporally hierarchized. 

One way to investigate how information from related sentences 
is organized and how different organizations affect memory 10° 
sentences is to have different groups of subjects learn the same 
sentences in different sequences, each sequence being based on 07 
governed by a particular kind of semantic interpart relationship: 
and then to compare the groups with respect to their learning 
performance. By using this method, as we did, we in effect mace М 
possible for interpart relationships to provide a basis for organi? 
tion and then determined whether these different kinds of memory 
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organizations have different prepotencies by testing their effects 
on learning. In addition, this method permitted an assessment of 
the effect of different organizational schemes on the memory for 
different sentence parts. 

The aim of this study was, first, to demonstrate the effect of 
semantic organizations on the memory for sentences and 
to discover how such organizations affect recall (Experiment I), 
and second, to determine which of two kinds of organizations or 
sequences of sentences—thematic or temporal—has the greater 
facilitative effect on memory (Experiment II). Experiment II also 
tested for any difference in the amount of transfer to subsequent 
learning from previous thematic and temporal learning. 


EXPERIMENT I 


Method 


—Material—In order to determine whether there would be any performance 
differences in the learning of identical sentences in different sequences, each 
sequence being constructed from consideration of only one kind of intersen- 
tence relationship, three lists differing in sequence were constructed out of à 
dozen factual sentences. Six sentences concerned the evolution of the concept 
of light, and six the history of the treatment of mental illness. The veracity 
of some of the sentences was occasionally distorted in order to fit the require- 
ments of the experiment. Besides propositions, each sentence included dates 
or temporal messages, and names of individuals, objects, or locations. 

In the first list, called the thematic and temporal within, or CTW, list, the 
six sentences on light appeared first, and the six sentences on mental illness 
appeared second. Within each set of six sentences there was also a tempo 
sequence. In other words, the event described in any sentence (except the 
first) was always temporally subsequent to the event described in the p 
ing sentence. This list (see Table 1) corresponds to the thematic org 
represented in Figure 1, with the events being temporally ordered. 4 

While it is usual in thematic organizations for events to be presented ® 
their temporal order of occurrence, it is necessary to measure the effects of 
each of these two variables independently. In a meaningful passage, for ex 
ample, all the events described could pertain to the same topic but need not 
necessarily be presented in the order in which they occurred. An attempt Was 
therefore made to separate the thematic and temporal variables. Although 
second (thematic, or C) list of sentences may not seem to be very similar (0 
a thematic organization of sentences, it should be observed that it was quite 
difficult to construct identical sentences which could, without being bizarre 
be ordered both thematically and temporally, thematically, and according і 
sentence subject or name (the third variable investigated; note that in Br 
periment IL, which did not manipulate the third variable, the thematic 0" 
ganization is identical to a real one). 
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The sentences in the second list, called the thematic, or C, lùt, were ar 
ranged in a thematic sequence only. The six sentences on light appeared first 
and the six sentences on mental illness appeared second; however, within each 
theme the events were not ordered in temporal sequence. The first four sen- 
tences of the C list appear in Table 1. 

The third list was called the sentence subject (name, or N) list. Here the 
sentence that was chosen to follow another one in a given pair was the sen- 
tence in which was embedded the name of the same individual (or object or 
location) as in the preceding sentence. Since each name was mentioned in two 
different sentences, once in a sentence on light and once in а sentence on men- 
tal illness, there was in this list a constant alternation of themes from one 
sentence to the next. This prevented the sentences from being thematically 
ordered, and since each name had two different dates associated with it, it 
also prevented the sentences from being temporally ordered. The sim 
presenting such a list was a desire to see whether the subjects in the 
ment would use these names as a basis for organization. The first four 
tences in the N list are also shown in Table 1. 


Ld 
—Design and procedure—Three independent groups listened to one of the 
three lists of sentences as the list was played twice on а tape recorder. Im- 
mediately after the second presentation of M the groups were given five 
serial anticipation-learning trials on the CTW li 

Fifty-eight subjects, 31 female and 27 male, all enrolled in the introductory 
psychology course at the University of Alberta, were assigned randomly to 
the three groups. Groups CTW and C contained 20 subjects each, and group 
N contained 18. The subject was seated at a table facing а 50 by 50 in. sereen 
with his back to the experimenter, who was seated at another table. This was 
done in order that the subject not see any unintentional responses of the ex- 
perimenter (eg. facial expressions) which might influence his performance. 
A Kodak AV-900 Carousel slide projector, by being connected to two Hunter 
111 timers (which were themselves interconnected by appropriate wiring), 
worked automatically. Positive (black on white) slides were made of each 
sentence. The slides were placed in the projector so that between successive 
slides the screen was illuminated by the projector light. This provided a re- 
call period. 

Immediately after the second (aural) presentation of the list, the subject 
attempted to recall the sentence he had heard first. When recall time (30 sec) 
Was over, the first sentence was flashed on the sereen and remained exposed 
for 13 sec. Immediately after this sentence was flashed off, the subject at- 
tempted to recall the sentence he had heard second; after recall time elapsed 
he ky Shown that sentence, and so on. Never боти epi: 
trials, a trial consisting of goi through en tences) 

No exchanges of any sir eine between subject and experimenter during 
the recall session; all that the experimenter said was "Next" after a sentence 
жаз automatically flashed off. Intertrial interval was zero. 


—Analysis of the sentences and scoring—The sentences were divided into parts 
According to dates or times mentioned (eg, time immemorial, earlier); names 
of individuals, locations, or objects (ед, Witch Hammer); and propositions. 
A proposition was defined, in consonance with tradition, as a declarative sen- 


Table 1. Examples of sentences used, Experiment I 


—Ó—— — — M ———— 


The CTW list 


1. Ever since time immemorial/man has wondered about the nature of light./ 

2. In 1704,/Newton/in England/thought that light is made up of particles. / 

3. In 1750,/ it is interesting to note, /Lebon/said if light consists of particles/ 
why do we not feel the particles bouncing on our eyes./ 

4. Huygens,/in the late 18th century,/was unable to answer the scientist's 
question, /but conceived light as consisting of waves;/this view urged sciene 
tists to do their experiments./ 

5. In 1803,/Young/proved that light consists of waves/when he passed a beam 
through two pinholes/and this set up interference patterns /like the waves of 


water./ 

6. Later, /in 1840, /the kind of waves that light is made up of was discovered by/ 
Fresnel/and Arago./ 

7. In medieval times,/the treatment of demented persons was not one of com- 
passion/and sympathetic listening/but one of brutality/and persecution./ 

8. Before the publication of the book/the Witch Hammer, /Newton /in 1720/ 
thought that mental disease was due to being perverse, /witch-natured, / 
possessed of the devil./ 

9. This atmosphere continued to persist;/in 1740/Huygens/in Germany,/ 
published a book entitled/the Witch Hammer, /which associated mental 
disorders with witchcraft/and asserted that the insane should be tortured/ 


and burnt. 

10. In 1780,/Young/questioned the witchcraft theory /by saying if the insane are 
all witches/why do the insane frequently perform witchcraft unsuccessfully ;/ 
this was the beginning of the attack on the witchcraft theory./ 

11. The first step forward was made/in 1793/by Fresnel/and Arago;/the latter 
freed the insane/from their chains/and encouraged a sympathetic hearing of 


their troubles. / 
12. Later,/in 1810,/Lebon/continued the work of/Fresnel/and Arago/and 
fought for the establishment of mental hospitals. / 


The C list 
1. Ever since time immemorial /man has wondered about the nature of light./ 
5. In 1803,/Young/proved that light consists of waves/when he passed а beam. 
i two pinholes/and this set up interference patterns/like the waves of 


2. In 1704,/Newton/in England /thought that light is made up of particles/ 
Е ла aa of waves that light irate up of was discovered by 


The N list 
5. In 1803,/Young/proved that light consists of waves/when he passed а beam 
— vo pinholes/and this set up interference patterns/like the waves 
10. In 1780,/Young/questioned the witcheraft theo ing if the insane 
/ ry/by saying 

are all witches/why do the insane frequently perform witchcraft unsuccess 
fully;/this was the beginning of the attack on the witchcraft theory-/ . / 
2. In 1704,/Newton/in England/thought that light is made up of particles / 
8. x ‘the publication of the book/the Witch Hammer, /Newton/in 170 
u mental disease d 1 itch-nati 1 
Note: The word(s) between slashes ents, int? 

which the sentences were divided for ane ieee ы 
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tence in which anything whatsoever is affirmed or denied. It ean also be con- 
ceived that the sentences were partly analyzed into ‘kernel sentences,’ but 
not always of the active, affirmative form to which Miller (1962) refers 

he uses the term. 

There were several reasons for dividing the sentences in the manner 
scribed. Facts such as dates and names should be given credit if recalled 
rectly. Furthermore, it was unrealistic to expect, with 
used, that the subject would recall it or attempt to recall it in predominantly 
verbatim fashion. Inevitably the subjects would recall the sentences in 


The scoring procedure was based on the subject's recalling the content 
within the slashes (the part, or segment) correctly. As the subject spoke, the 
experimenter (who had five copies of the sentences in front of him, one copy 
for each trial) marked a check if a part within a sentence was correctly re- 
produced according to the above-mentioned criteria. No partial credit was 
given if any deviation from the criteria occurred. 


Results 


Recall of the different types of sentence parts was taken into 
consideration in the analysis of the data. The are-sine transfor- 
mation was also applied to the data in order to correct for hetero- 
geneity of variance. The means (combined over subjects and 
trials) for percent correct recall were 41.05 for group CTW, 27.90 
for group C, and 24.35 for group N. For this data a Duncan's E 
multiple-range test, applied to unequal Ns was made a 
the significance of the difference between the various means (Kra- 
mer, 1956). The results of this test show (as does Figure 2) that 
recall of the CTW organization was significantly superior to recall 
of the C organization (p < .01) or of the N organization (p < 
01). Comparison of the C and the N organizations, on the other 
hand, showed no significant difference (p > .05). : 

Mean recall of dates, names, and propositions, for each ерте 
tion condition and combined over organizations, is given in Table 
2. Analysis of variance for these data showed significant differences 
between the various means (p < .01). Using the error term from 
this analysis of variance, t tests were made to determine the 
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Fig. 2. Mean percent correct recall of segments as a function of trials for the 
three experimental groups, Experiment I 


significance of the difference between means of theoretical in- 
terest. Briefly, date recall was higher in the CTW condition than 
in the C condition (p < .01) or the N condition. Name recall was 
not particularly favored by the N condition, either over the C 
condition (p > .05) or the CTW condition; but proposition 

was favored by the C condition over the N condition (p < 05) 
and was also high in the CTW condition. It was also found that 
name recall was significantly better than date recall, but not prop- 
ырен ayer fe condition (p < .05). The overall difference 
— ioe and proposition recall for all conditions W8$ 
not significant (p > .10). B 


Organization condition 


Combined 
Ec — — EE 


: 
Ё 
; 
к 


EXPERIMENT If 


—Materials—Two differently organized lists were constructed out of exactly 
the same st of sentences used in Experiment I. In the thematic, or C, Met, 
‘the frat four sentences dealt with the concept of light and the last four with 
the history of mental illness. Within each theme no temporal sequence waa 
Present, but there was a thematic form of organization: the event described 
ÎS а sentence was, according to the text, thematically related to another event 
Mentioned in the same theme (see Table 3). Note that unlike Experiment I, 
however, no list here in Experiment II had more than eight 

The temporal, or T, list was organized on a temporal basis: the 


Preceding sentence. Furthermore, the sentences of each theme alternated in 
"their order of occurrence and did not themselves follow & thematic sequence 
(ве Table 3). 

—Design—Two different groups were used. Group CT (18 subjects) underwent 
four serial-anticipation learning trials on the C list (on each trial they had 
‘Anticipate the next sentence) and then four anticipation trials on the T 
each set of trials being preceded by two aural presentations of tbe C and T 
respectively. Group TC (18 subjects) was given the ваше tasks but in & 
Teverse order: two presentations of the T list, four anticipation trials on this 
list, two presentations of the C list, and four anticipation trials on this list. 


Procedure and analysis—The procedure (and the equipment employed) and 
the analyses were identical to those used in Experiment I. 


i 
d 


Table 3. Examples of sentences used, Experiment П 


I bp of the idea of /Newton,/ 
* In 1803, /Thomas/Young/because he was skeptical 
tempted to prove that light consists of waves/by passing a beam through 
two pinholes/and showing that it set up interference patterns/like the waves 
water. / ИЯ shown 
Before the experiment of /Young,/in 1704 precisely, /Newton, /having 
t light travels in a straight line,/thought that light might, therefore, 
i particles, / 
er, in 1740, /a scientist said if light consists of particles/why do we not 
feel the particles bounding on our eyes;/although this question was ignored, / 
*oung/was nevertheless urged to do his experiment./ 


The T list 
Before this, /in 1350, /the mentally disturbed were brutally treated /because 
it i^m уш that ‘mental disease was due to being perverse/and possessed 

^Y] 


e the ў f 1704 precisely, /Newton/having shown 
lah: A ee чы еу IM. Rel, QUNM 
t of particles. / 
idea take riously that/in 1710/a book appeared entitled/ 
Mich Hammer, /which associated mental disorders with witcheraft./ 
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Results 


Recall performance (mean percent correct) by the CT and TC 
groups on the first task, that is, on the C and T lists respectively, was 
34.45 and 23.75 (as is graphically illustrated in Figure 3). Analysis of 
variance showed that recall of the C list was significantly better 
(p < .01) than recall of the T list. 


50 


© CT GROUP 
О TC GROUP 


40 


20 


MEAN PERCENT CORRECT 


1 2 3 4 


Fig. 3. Mean percent correct recall of segments as a function of trials for 
groups CT and TC on first lists, Experiment II 


Transfer from the thematically organized sentences turned out to 
be 80.94%, and transfer from the temporally organized sentences was 
30.10%. (The transfer measures were calculated using the E — c/ 
X 100 formula). However, since the CT and TC groups initially dif- 
fered on degree of learning of the first list (C and T lists respectively), 
the transfer measures are confounded: it is not known whether orig" 
nal degree of learning of the C and T lists, or the C versus T organiza- 
tion as such, was responsible for the greater transfer shown by the C 
group when it was switched from the C to the T list. Recall perform” 
ance by the CT and TC groups on the second list reached 53.50% 
and 51.38% respectively, and did not differ significantly (p > 10). 

The findings on sentence segments are shown in Table 4. This data 
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was analyzed in the same fashion as the sentence-segment data for 
Experiment I. The results for Experiment are in essential agreement 
with the results for Experiment I except that the combined mean for 
proposition recall was significantly higher than the combined mean 
for name recall (p < .05). Date recall was not significantly poorer 
for group C than group T (p > .05), nor the name recall significantly 
better for group C than group T (p > .20). Proposition recall, on the 
other hand, was significantly better for group C than group T (p < 
01). 


Table 4. Mean percent correct recall of different sentence segments, Experiment II 
00.2 o —— 


Organization condition 


T Combined means 
Date recall 4.50 11.14 7.82 
Name recall 7.90 4.50 6.20 
Proposition recall 22.05 8.10 15.75 


Figure 4 illustrates recall, by the TC group, of the different sentence 
segments on both the first and second lists. This figure reflects more 
dramatically what is shown in Table 4: that when the same group 
is learning a previously learned list in a different organization, recall 
performance seems to depend heavily on organization. Note how date 
and proposition recall are affected by the ‘T-C switch.’ In addition, 
Figure 4 shows interactions not apparent in Table 4. 


DISCUSSION 


The superiority of some organizations over others is discussed first, 
the differential retrieval of various sentence segments subsequently. 
Turning to Experiment I, the surprising effect obtained was the lack 
of significant superiority (in terms of learning performance) of the 
thematic organization over the name-based organization. This effect 
18 surprising because in the latter organization the sentences of each 
theme alternate in their order of occurrence in such a way that there 
1 neither a logical nor a temporal organization. 
Two reasons can be put forth that might account for this finding. 
he first is that unlike the sentences in the C list of Experiment IT, the 
Sentences in the C) list of Experiment I did not resemble usual thematic 
“sanizations and did not have embedded in them such phrases as 


€ DATE RECALL 
A NANE RECALL 
© PROPOSITION RECALL 


Fig. 4. Mean percent correct recall of the three different types of 
segments as a function of trials for the TC group on the T and C 
periment II 


“because of [a previously described event or name]” and 

. ,” phrases which usually signal links between events. 
thematic organization between sentences in Experiment I's 
might have been somewhat ‘obscured,’ at least as compa 
between sentences in Experiment II's C list. 

Secondly, it should be conceded that in the actual, everyd 
ronment, events revolve to a large extent around people and 
people do is ‘thematically related’—at least, most of the time. 
a subject has to see how some events are generated in the 
environment, he must have a tendency to organize events 
people. And since the actions of individuals are interrelated, 
also, in order to understand what is going on in his world, percer 
relationships or their nature. This means that both a thema' 
‘person’ (N) structure of the same material could be establis 
memory at the same time and that either one could be rea 
lated’ into the other. Hence the finding that the thematic and f 
organizations are equally strong. 
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The greater effect, on learning, of the CTW organization in Ex- 
periment I argues for the primacy of a thematic memory structure in 
which there is a hierarchy of events according to time. The findings of 
Experiment II further suggest that the thematic organization is pre- 
potent over the temporal organization. 

Now, inferior recall in one organization as compared to another 
could be due, first, to less presented material being stored, with re- 
trieval or accessibility potential about the same for the two organiza- 
tions, (It is assumed here that storage ean take place according to 
only one pattern and not the other.) Or, second, it could be due to 
less presented material being stored, with retrieval potential in one 
organization inferior to retrieval potential in the other. Or, third, it 
could be due to less presented material being accessible under one 
organization, with amount of items stored about the same in the two 
organization conditions. (Notice that this last possibility does not 
mean that storage can take place according to both of two different 
patterns; what it does mean is that about the same amount of items 
ean be stored, or that the storage pattern is the same, regardless of the 
organization in which the items are presented. It is certainly not fune- 
tional to assume that two different storage patterns are 
only for one of them to make accessibility inferior.) 

Which of the three above-mentioned possibilities is the correct one 
is not clear from this study. Since there is evidence that about 600 
sentences can be stored (Shepard, 1967), perhaps the third possibility 
is the correct one. This would mean that recall performance in the 
temporal condition is inferior because retrieval is difficult under that 
condition, and not because storage is difficult. It should be observed, 
though, that the suggestion that the different organizations help re- 
trieval rather than storage could be empirically tested by the use of 
recognition tests. But what, in turn, would underlie the greater dif- 
ficulty of retrieval in the temporal organization? і м 
The greater retrieval difficulty in the temporal organization (and in 
€ C organization compared to the CTW organization) can be ex- 
lained if one accepts the theory that there are higher behavioral 
rganization 
makes logical and pragmatic relationships between events more ob- 


tis quasi-causal and ‘natural’; it fits in with our expectations con- 
*trning the flow of events or with our preestablished conceptual habits. 
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Just how such logical and conceptual habits exert control over re- 
trieval processes is unknown. ]t is possible, however, that by the аё 
tion of an ‘editor’ mechanism these higher conceptual habits act as 
cues during retrieval. 

‘As can be seen in Tables 2 and 4, date recall was affected favorably 
by organizational schemes in which the dates were temporally 
aligned, and proposition recall was on the whole (considering the 
combined means in Table 4) superior under other forms of organiza- 
tion. The first effect, that of date recall, could have any of several ex- 
planations. First, the date sequence might have been used as а re- 
trieval plan; that is, a scheme or a network like that shown on the 
right-hand side of Figure 1 might have been employed—each date 
coupled with an event, the date acting as a cue and as a link between 
different pieces of information. Another possibility is that the tempo- 
ral alignment of dates might have caused the subjects to pay ‘more 


attention’ to the dates and that this greater degree of attention Was ` 


responsible for the superior date performance. And, of course, à com- 
bination of the two processes might have been at work. Paying more 
attention might have resulted in the use of a temporal retrieval plan, 
or vice versa. This third hypothesis receives some eredence from the 
higher rate of date learning in the CTW organization as compared to 
the other organizations in Experiment I (see Table 2). Furthermore, 
the fact that date recall increased and then dropped in Experiment П 
(see Figure 4) also lends plausibility to this hypothesis. When the 
subjects were ‘switched’ from T to C, the recall of propositions and 


names, but not of dates, inereased, which suggests that more attention. 


was being paid to propositions and names. When switching was from 
C to T, recall of propositions underwent a sudden drop, suggesting 
that less attention was being paid to propositions. It should be 
stressed again that no suggestion is being made to the effect that at- 
tention is the only factor. Attention might be one of the factors. 

That propositions were better recalled than other sentence seg- 
ments could also have any of several explanations. The storag 4 
units for propositions might be different from the storage units 6 
dates and names. If dates and names аге stored in more than one unit 
(e.g., seven-teen-ten, Fres-nel), and if propositions are stored as oe 
unit (see Bever, Fodor, and Garrett, 1966), then higher proposition 
recall might be due to the subject’s having fewer units to remem jd 
in order to recall a proposition completely correctly. Stated differ” 
ently, intraunit interference might account for the slower learning $ 
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dates and names, whereas there would be no intraunit interference for 
propositions. 

Again, attention might also be a factor. If the subjects think prop- 
ositions are ‘more important’ than dates, they would pay more at- 
tention to the propositions. This last suggestion points out the need to 
determine if subjects do pay more attention to certain parts of sen- 
tences than to others. It should also be clear that we need to know 
more about the memory or storage units of sentences if we are fully 
to explain the kind of data on retention of sentence segments that was 
obtained in this investigation. 


Notes 


This report is based on a thesis submitted in partial fulfillment of the re- 
quirements of the degree of master of science at the University of Alberta. 
The author is deeply indebted to Dr. K. V. Wilson for his indispensable as- 
sistance and guidance of this research. He also thanks Drs. W. Rozeboom, 
W. Runquist, and J. Sampson for their enlightening criticism of the study. 
His present address is at the Laboratoire de Psychologie expérimental de la 
Sorbonne, 28 rue Serpente, 75 Paris 6, France. Received for publication March 
2, 1970. 

1. Further corroborative evidence of this effect was obtained by running two 
other groups. Groups IC and IT differed from groups TC and CT in that 
their first task consisted of learning (using the exact same procedure as was 
used with the latter groups) an irrelevant (I) list on Mediterranean culture. 
After the end of the first task, either C or T learning took place. Group IC 
recalled the C list better than group IT recalled the T list (p < 01). 
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CUING OF RECALL ORDER IN IMMEDIATE MEMORY 
WITH DIFFERENT RATES OF PRESENTATION 


Larry E. Wood and James V. Hinrichs 
University of Iowa 


The subjects recalled 10-number lists in the same order as presented or in 
ascending natural serial order, at a .5-вес or 2-sec rate. They were told the 
order of recall before (pre-cue) or after (post-cue) list presentation. Presen- 
tation rate had little effect on the relationship between recall order and cuing. 
Serial-order recall was superior to same-order recall and the 2-sec rate was 
superior to the 5-sec rate, but cuing interacted with both order and rate, pro- 
ducing greater differences for pre-cuing than post-cuing. 


In any immediate-memory task that tests retention of multiple- 
item lists, one of the factors that may affect performance 18 recall 


order. If the subjects are required to reproduce the presentation order - 


in addition to recalling the items, the requirements of such a task may 
be separated, at least logically, into retention of ‘item information' 
and retention of ‘order information. Crossman (1960) has postulated 
that item and order information can be stored and retrieved separ- 
ately and that requiring an increase in retention of one type of infor- 
mation results in a reduction of the other. Some support for this hy- 
pothesis has been obtained by Crowder (1969), who found signifi- 
cantly better recall under free-recall instructions than when recal 
was required to be in the same order as presentation. 

An attempt to investigate differential retention of item and О 
information has also been made by Buschke in a series of studies 
(Buschke, 1967, 1968; Buschke and Hinrichs, 1968) using а PTO” 
cedure that requires the subjects to recall numbers in ascending nat- 
ural serial order. Thus, a list of numbers presented as 18, 12, 1, 20, 
and 6 would be correctly recalled as 1, 6, 12, 18, and 20. Such a nat- 
ural serial ordering of numbers is highly overlearned, and t 
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relative order of recall for two particular numbers would be the same 
on any trial in which they both appear. Therefore, serial-order recall 
should greatly reduce the necessity for the subject to retain order 
information in comparison to a condition where recall is required to 
be in the same order as that in which the items were presented. 

One of the questions with which Buschke has been concerned is 
whether differential retention of item information in serial-order and 
same-order recall should be attributed to differences in encoding at 
the time of presentation or to differences in retrieval processes. 
From one study (Buschke, 1967), he concluded that perform- 
ance differences are largely dependent on differences in storage proc- 
esses, Furthermore, when subjects were asked for serial-order and 
same-order recall on two successive presentations of the same list of 
items, information necessary for same-order recall was stored during 
presentation on both trials. In a further test of these conclusions 
(Buschke, 1968), the subjects were asked for serial- or same-order 
recall, but they were told the type of recall before presentation (pre- 
cue) on only half the trials. On the remaining trials, they were not 
informed about the type of recall until after the items had been pre- 
sented (post-cue). Buschke reasoned that if performance differences 
between serial- and same-order recall depend on retrieval processes, 
then cuing of recall order should not differentially affect the two 
types of recall. The results showed that recall in the pre-cue condi- 
tion was significantly better for serial ordering than for ‘same’ order- 
ing; but in post-cuing, no significant difference between the two order- 
ings was found. Buschke concluded that in the pre-cue condition the 
subject is able to store more item information for serial-order than for 
same-order recall because he is not required to retain information 
about order. However, in the post-cue condition he is forced to re- 
member order information on all trials if he is to prepare for possible 
same-order recall, thereby eliminating the serial-order advantage. 

One mechanism that would allow the subject to store more item 
information for serial-order recall than for same-order recall is the 
use of differential rehearsal strategies at the time of presentation. To 
enhance storage of order information for same-order recall, items 
Could be rehearsed in order as they were presented. For serial-order 
recall, however, each item could be rehearsed by itself as it was pre- 
sented, thereby maximizing its memory strength (Wickelgren and 

orman, 1966) or increasing the likelihood of transfer to long-term 
storage (Atkinson and Shiffrin, 1968). Then during recall, as sug- 
Sested by Buschke and Hinrichs (1968), the subject could scan the 
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possible stimulus set in ascending natural serial order, using partial 
information or variable-decision criteria to determine whether or not 
a particular item had been presented. 

The present study was an attempt to investigate the role of re- 
hearsal strategies in the retention of item and order information 
by manipulating both recall order and rate of presentation. Accord- 
ing to the assumptions outlined above, a slow rate should be optimal 
for different methods of rehearsal, maximizing differences between 
‘same’ and serial ordering with pre-cuing and minimizing post-cur- 
ing differences. On the other hand, a fast rate of presentation should 
tend to limit differential rehearsal strategies and thereby attenuate 
the effects of pre- and post-cuing of serial-order and same-order 
recall. 


METHOD 


—Subjects—The subjects were 40 students from the introductory psychology 
courses at the University of Iowa and were tested in groups of five. 


—Design—The basic design was a 2 x 2 x 2 factorial with one between- 
subject factor and two within-subject factors. The between-subject factor was 
presentation rate (one item per 5 sec, or one item per 2 sec), and the within- 
subject factors were recall order (serial, NS; or same, SO) and cuing of recall 
order (pre or post). An additional within-subject variable was introduced to 
allow examination of presentation-position effects in each condition. The 10- 
item presentation sequence was divided into two halves, with positions 1-5 
designated the primacy component and positions 6-10 the recency component. 


—Materials—The stimulus materials consisted of 40 lists of 10 of the numbers 
1-20 inclusive, constructed from a table of random permutations. Hach of the 
four recall-order and cue-treatment combinations was randomly assigned to 
10 of the 40 stimulus lists with the restriction that a particular treatment com- 
bination be assigned to no more than 3 successive lists. Three additional sets 
of lists were constructed by counterbalancing the assignment of conditions to 
lists so that the sequence of the lists remained the same in each set but each 
list appeared once under each treatment combination across the four sets. A 


different subgroup of five subjects within each rate condition received one ° 
the four sets of lists. 


—Procedure—The stimulus lists were presented via a tape recorder. In the 
pre-cue condition, the words “Serial” or “Same” were spoken 2 sec before list 
presentation to designate the recall order for that trial; the word “Recall” 
was then spoken 1 sec after the last item. In the post-cue condition, & “Ready 
preceded the list by 2 sec; and “Same” or “Serial” was spoken 1 sec after the 
last item to designate recall order. 

The subjects were allowed 20 sec to recall the 10 numbers and to write them 
in rows of 10 boxes on prepared answer sheets. They were instructed to put 
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the numbers in their correct relative positions from left to right, either in the 
same order as presented, for same-order recall, or from lowest to highest, for 
serial-order recall. In producing their responses, they were not required to 
write each succeeding item from left to right but were allowed to ‘skip around.’ 
They were encouraged to try to remember as many items as possible, but they 
were not required to produce 10 responses on every trial. They were further 
informed that the four recall-order and cuing combinations would be equally 
likely to occur on any trial. Four practice lists, one for each treatment com- 
bination, were presented prior to the 40 experimental lists, and a 2-min rest 
period followed the first 20 experimental lists. 


RESULTS 


Since the study was concerned primarily with retention of item in- 
formation, the relative position of each item in the response protocol 
Was disregarded in scoring. Correct items that were repeated were 
counted only once. Table 1 lists the mean total number of correct 
responses by first and second halves (primacy and recency) for each 
of the experimental conditions. 

The presentation-position curves for each of the experimental con- 
ditions are shown in Figure 1. To facilitate comparison of the curves, 
adjacent pairs of positions were averaged. As the curves illustrate, 
there was a clear difference between serial-order recall in the pre- and 
Post-cue conditions (Pre-NS and Post-NS), with the latter very simi- 


Table 1. Means and standard errors for number of correct responses 


Condition 
Presentation 
Position Pre-NS Pre-SO Post-NS Post-SO 
— Peiton  Pm-NS рез0_ FPostNS — PostSO - 
Fast rate 
First half 
M 2.840 2.655 2.585 2.390 
SE 1181 1158 1140 183 
Second half 
М 3.605 2.895 2.965 2.840 
SE .085 1124 1094 1137 
F Slow rate 
irst half 
d 3.545 2.850 2.495 2.405 
SE 145 ‘090 1104 1152 
Second half Р 
M 3.910 3.370 3.205 3.185 


SE .126 .145 .142 .137 
е Soie e UND 
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lar to the same-order conditions (Pre-SO and Post-SO), which also 
were quite similar to each other. Serial-order recall in the pre-cue 
conditions (Pre-NS) was much higher in the middle of the list for 
both rates, and in the primacy portion of the function for the slower 
rate; otherwise, there was little difference in the curves as a function 
of rate, aside from general level of performance. 


1-2 34 56 78 S90 12 34 5-6 r8 9-10 


PRESENTATION POSITION 


Fig. 1. Proportion of responses correctly recalled as a function of presents- 
tion position 


The overall similarity of the curves is confirmed by the failure of 
presentation position to interact with any of the other variables in 
an overall analysis of variance (all ps > .05), although a separate 
analysis of each rate condition did yield some support for the dif- 
ferences in the Pre-NS curves. For the fast rate, Pre-NS was 88- 
nificantly better than Pre-SO for recency [F(1,19) = 28.07, p < 
001], but not for primacy [F (1,19) = 1.93, p > 110]. At the slow 
rate, however, Pre-NS was superior to Pre-SO for both primacy 
[F (1,19) = 40.26, p < .001] and recency [F (1,19) = 2430, P < 
:001]. All the curves show a pronounced recency effect, which re- 
sulted in a significant main effect of presentation position [F (1,38) 
= 29.01, р < .001]. The means were 3.08 for recency and 2.62 for 
primacy. 

The failure of the interaction of rate, cue, and recall order to 
reach an acceptable level of significance [F (1,38) = 3.49, p > 05] 
indicated that the relationship between cuing and recall order was 
essentially the same for both presentation rates. The nature of this 
relationship was reflected in a significant interaction of cue ani 
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recall order [F (1,38) = 33.34, р < .001], such that serial-order re- 
eall was substantially better than same-order recall in pre-cuing 
[F (1,38) = 104.93, p < .001] but only slightly better in post-cuing 
[F (1,38) = 421, p < .05]. For pre-cuing the means were 3.48 and 
2.94 for serial- and same-order recall respectively; for post-cuing 
they were 2.81 and 2.71. Separate analysis of each rate condition 
yielded somewhat contrary results: for the slow rate, serial- and 
same-order recall did not differ with post-cuing (F < 1), while for 
the fast rate, serial-order recall was slightly better than same-order 
recall with post-cuing [F (1,19) = 4.47, p < .05]. Further analysis 
of the interaction of cue and recall order collapsed across rate re- 
vealed that pre-cuing was better than post-cuing for both same- 
order recall [F(1,38) = 20.70, p < .001] and serial-order recall 
[F(1,38) — 162.36, p « .001]. 

Cuing of recall order also interacted with presentation rate 
[F(1,38) = 15.51, p « .001]. The means for the slow and fast 
rates with pre-cuing were 3.42 and 3.00 respectively, and 2.82 and 
20 with post-cuing. Individual comparisons between means re- 
vealed that pre-cuing was significantly better than post-cuing both 
at the fast rate [F(1,38) = 33.29, p « .001] and at the slow rate 
[F(1,38) = 128.38, p < .001]. However, the decrement in perform- 
ance with post-cuing was greater at the slow rate, so that the slow 
rate's superiority in the pre-cue condition [F(1, 38) = 63.97, p < 
001] was significantly reduced in the post-cue condition [F (1,38) 
= 5.84, p < .025]. 


DISCUSSION 


The present study was concerned with the role of different rehearsal 
strategies in storage of item and order information for serial-order 
and same-order recall. The finding that serial-order recall was mark- 
edly superior to same-order recall for pre-cuing but not for post-cuing 
at both rates is strong evidence that the differences between the two 
recall orders are largely due to different storage processes rather than 
to different retrieval processes. For if the superiority of serial-order 
recall were due to a more effective retrieval process, then that superi- 
ority should have been maintained even when the subject was not in- 
formed about the type of recall until after list presentation. Tt could 

argued that serial-order recall is a more effective retrieval process 
but that because the subject uses a rehearsal strategy in post-cuing 

at is appropriate for same-order recall, the order cues interfere with 
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the serial-order retrieval process, reducing its effectiveness. But even 
if this argument were valid, serial-order recall would still be expected 
to have been better than same-order recall in post-cuing at the faster 
presentation rate, because differential rehearsal would be minimal. 
While some evidence for greater serial-order recall was obtained in 
the separate analysis of the fast-rate condition, the difference in post- 
cuing was very small compared to the pre-cuing difference. 

Even though better retention for serial-order recall appears to be 
largely due to storage processes, the present data offer little support 
for different rehearsal strategies as a means of accounting for the su- 
periority. At the fast presentation rate, opportunity for rehearsal 
would be minimal; yet pre-cuing resulted in substantially better se- 
rial-order recall than same-order recall, whereas post-cuing did not. 
If differential rehearsal were the major factor leading to the serial- 
order superiority, then the two cue conditions should have been much 
less disparate. Whatever mechanism did operate to produce better 
storage of item information for serial-order recall, it is clear from the 
curves in Figure 1 that its major effect was to increase storage of in- 
formation about items in the middle of the list. 

Because the presentation-position curves for the post-cue serial- 
order conditions were quite similar to the curves for the same-order 
conditions, it seems reasonable to assume that the subjects tended to 
use the storage process appropriate for same-order recall in the post- 
cue condition. However, this conclusion must be tempered by the 
finding that performance with the slow rate was only slightly better 
than that with the fast rate in post-cuing but substantially better for 
pre-cuing, regardless of the recall order. It might be expected that 8 
slower rate should be equally advantageous for same-order recall in 
both pre- and post-cuing if the subject always prepares for same-or- 
der recall in the post-cue condition. 

An interesting aspect of the presentation-position curves Was the 
pronounced recency effect in all conditions. This is somewhat sur- 
prising because a recall cue (“Same,” “Serial,” or Recall") oce 
at the end of each list, essentially forming a stimulus suffix. Typically, 
a stimulus suffix tends to markedly reduce recall performance in the 
last two or three positions (see Crowder, 1967; Dallet, 1965), which 
clearly was not the case in the present study. 

One final result that warrants comment was the finding that pre 
cuing was significantly better than post-cuing across both rate con- 
ditions and both recall orders. The decrement in performance for the 
post-cue condition may be due to the additional information 000° 


tained in the recall cue. In pre-cuing the “Recall” is merely a signal 
to begin recall for which the subject has previously prepared; whereas 
there is uncertainty associated with the “Same” or “Serial” cue in 
the post-cue condition, an uncertainty which must be resolved. This 
uncertainty could be related to the evidence that information process- 
ing between the presentation and the recall of a list of items leads to 
reduetion in the level of retention (Posner and Rossman, 1965). 


Notes 


The first author was supported by a National Defense Education Act predoc- 
toral fellowship. Additional support was provided by National Institute of 
Montal Health Grant MH-16362 to the second author. Received for publica- 
tion September 7, 1970. 


` References 

Atkinson, R. C. and Shifrin, R. M. 1968. Human memory: A proposed 
System and its control processes. In The psychology of learning and 
motivation, ed. K. W. Spence and J. T. Spence, vol. 2, pp. 90-195. New 
York: Academic Press. > ai 

- Buschke, Н. 1967. Two kinds of short-term storage. Psychonomic Science 

8:419-420. : 

H. 1968. Perceiving and encoding two kinds of item-information. 

І Perception and Psychophysics 3:331-336. 

Buschke, H., and Hinrichs, J. V. 1968. Controlled rehearsal and ao 
in serial list retention. Journal of Experimental pasa T "T 

Crosman, E. R. F. W. 1960. Information and serial order in human im- 
mediate memory. In Information theory [Proceedings of ha os 
London conference on information theory], ed. C. Cherry, pp. 147-159. 

__ London: Butterworth. p 

ET E G. 1967. Prefix effects in immediate memory. Canadian Journal 

E. chology 21:450-461. A и 

Crowder, R. G. 1969. On free recall and free-recall scoring, in immediate 

|. memory. Psychonomic Science 14:255-256. i 

tt, K. 1965. “Primary memory”: The effects of redundancy upon digi: 

petition. Psychonomic Science 3:237-238. ote 

“пег, M. I., and Rossman, E. 1965. Effect of size and location of in 

^ transforms upon short-term retention. Journal of Experimental 

Sychology 70:496-505. ? 
elgren, W. A, and Norman, D. A. 1966. Strength models and serial 


tion in short-term recognition memory. Journal of Mathematical 
Psychology 3:316-347. 


TRANSFER AS A FUNCTION OF PARADIGM 
AND INTERSPERSED-PAIR DIFFICULTY 


G. J. Johnson 
University of British Columbia, Canada 


Transfer performance for AB-AB', AB-CD, and AB-AC paradigms was investi- 
gated with subset items that were less difficult than, more difficult than, or of 
the same paradigm type as the test pairs. Performance on the three test par- 
adigms was a decreasing function of the difficulty of interspersed pairs, and 
intralist-intrusion data suggest that the strength of intrusion tendencies gen- 
eralized to a given set of test pairs increases with the difficulty of the items 
with which the set is mixed. Difficulties in interpreting the results of studies 
using the mixed- versus unmixed-list manipulation to test assumptions about 
the use of systematic strategies in verbal learning are discussed. 


Recent studies of transfer effects in paired-associate learning have 
shown that performance on items representing a given paradigm type 
may vary as a function of whether the items are presented in a 
list or in an unmixed list. Several factors have been isolated as possible 
determinants of such discrepancies. Postman (1966) emphasized the 
differential opportunity provided subjects under the two conditions to 
apply a given strategy consistently to all items in a list. That is, pe™ 
formance on transfer pairs such as АВ-АВ” (stimuli identical, Te- 
sponses synonymous) may be facilitated with an unmixed list by the 
availability of an easily detectable and obviously effective list rule. 
With a mixed list, even if the appropriateness of such a rule is de- 
tected, the efficiency with which it may be applied is limited, since the 
subject must differentiate from other items those to which the 
ular rule is applicable. 

A very similar interpretation was offered by Paul and Paul (1968), 
in connection with the concept of transfer-activated response 
(TARS). In an unmixed list the consistent presentation of AB~ 
pairs is assumed to activate a generalized response set whose 
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0 facilitate performance by restricting the subject's responses 
honyms of first-list response terms. In a mixed list such a set is 
umed to be either not elicited or not consistently reinforced due to 
inappropriateness of the set with regard to the other, not AB- 

pairs. 


mixed and unmixed lists have drawn on findings of a mixed-list per- 
hance decrement on the type of item (say, АВ-АВ”) which, when 
resented in an unmixed list, may be expected to provide an effective 
(Ше of response restriction (Postman, 1966; Wickens and Cermack, 
1907). However, a number of studies suggest that the importance of 
Availability of a consistent rule with an unmixed list may have 
been overestimated relative to other factors, for superior performance 
M certain items under the mixed-list condition has been frequently 
ol d (Johnson, 1970a; Johnson and Penney, 1965, 1966; Paul 
and Silverstein, 1968; Slamecka, 1967; Underwood and Schulz, 
960; Wickens and Cermack, 1967). E 
_Yohnson (19702) noted a general pattern in the results of studies of 
it effects of mixed and unmixed lists—a pattern which suggests that 
Performance on a given set of pairs varies inversely with the difficulty 
È y with the initial associative strength) of the items with which 
he test pairs are presented. Performance on pairs with the ‘easier’ 
Xed-list subsets tends to be superior to that with an unmixed list, 
s performance on pairs with the more ‘difficult’ mixed-list 
tends to be inferior to that with an unmixed list. 
[Ыз pattern was interpreted in terms of the assumption that the 
ength of intralist intrusion tendencies potentially interfering with 
stlormance on a given set of test items varies directly with the rela- 
Ye difficulty of the pairs with which they are mixed. An obvious im- 
uation of this interpretation is that, for any given paradigm type, 
Ie direction as well as the magnitude of differences between the 
xed and unmixed lists may vary as a function of the specific com- 
081000 of the mixed list. 
vious studies using the manipulation of mixed- and unmixed- 
ditions to assess the role of systematic strategies in transfer 
mance have confounded the consistency of a given rule's appli- 
lity in the two conditions with differences in the difficulty of the 
08 with which the test pairs are presented under the two condi- 
NS. Significantly superior performance with an unmixed list has 
€n obtained only where the mixed lists involved included subsets 
ems of greater difficulty than the test paradigm (Johnson, 1970a; 
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Postman, 1966; Slamecka, 1967; Wickens and Cermack, 1967). But 
if such results reflect primarily the greater availability of a consistent 
rule in the unmixed list, then that facilitation should also obtain when 
the level of difficulty of other subsets in the mixed list is equal to or 
less than that of a given test paradigm. 

The present study investigated transfer performance for three dif- 
ferent paradigms, with three levels of difficulty for the pairs with 
which the test items were presented. Items representing the para- 
digms AB-AB’, AB-CD, and AB-AC were presented (a) in a mixed 
list that contained items of less difficulty than the test pairs, (b) in an 
unmixed list where all items were of a similar level of difficulty, and 
(с) in a mixed list that included items of more difficulty than the test 
pairs. The two mixed-list conditions do not appear to differ with re- 
spect to the consistency with which the rules appropriate to test pairs 
are applicable nor with respect to the degree to which a transfer-acti- 
vated response set elicited by a given set of test items may be acti- 
vated. To the extent that the rule appropriate to a given paradigm 
provides the unmixed-list subjects with an effective guide to perform- 
ance, the unmixed list should yield the highest level of performance, 
while the mixed-list conditions should not differ. But if transfer per- 
formance is directly related to the initial associative strength of the 
pairs with which the test items are mixed, the ‘easy’ mixed list should 
yield the highest, the unmixed list an intermediate, and the ‘difficult’ 
mixed list the lowest level of performance. 


METHOD 


—Materials—Each subject learned two lists of 12 two-syllable adjectives. The 
transfer list was the same for all subjects, while first-list items were selected 
во as to provide the various experimental conditions. Fifteen first-list condi- 
lions were used. Items representing each of the paradigm types АВ-АВ, 
AB-CD, апа AB-AC were presented under an unmixed-list and the two mixed- 
list conditions. That is, in the mixed-list AB condition six test pairs of each 
paradigm type were mixed with six pairs carried over from the first list (AB- 
pairs). And in the mixed-list ABj condition the test pairs were presented along 
with six items representing an AB-AB jumbled (AB-ABj) paradigm. Eor oe 
latter items stimulus-response roles were reversed for half of the pars ж 
further, all associates were re-paired across lists. 
In order to have all items in the unmixed-list condition presented under 
the mixed-list conditions, two different lists were constructed for each mixed 
list. For example, in one AB-AB’/AB-AB, subset A of the transfer task гер” 
resented AB-AB' items, while subset B appeared as AB-AB pairs. In the i 
ond AB-AB’/AB-AB, the subset-paradigm relation was reversed. This proc 
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ure was used in constructing first lists for each of the two mixed-list conditions 
with each of the three test paradigms. 

The adjectives used in constructing the lists were taken from Haagen (1949) 
and from Melton (1940). With the exception of the synonymous B-B’ rela- 
tion for AB-AB’ pairs and that of identity for AB-AB pairs, all items were 
selected to minimize meaningful and formal similarity both within and across 
first and second lists. The lists were presented on an MTA Scholar at a 2:2 
rate with a 4-sec intertrial interval. Three different random orders of the 12 
items in each list were used to reduce serial effects. 


—Subjects—The subjects were 270 volunteers from eleventh- and twelfth- 
grade classes in the Vancouver public schools. None had previously partici- 
pated in a verbal-learning experiment. With one unmixed-list condition and 
four mixed-list conditions for each of the three paradigms, there were 15 
groups of 18 subjects each. Assignment to conditions was carried out in blocks 
of 15 with one subject per block being assigned to a given condition. Within 
each of the blocks assignment followed a different predetermined random or- 
dering of the 15 conditions. All subjects served individually. 
—Procedure—Each subject was given a maximum of 25 anticipation trials on 
the first list. First-list training was terminated when he achieved a criterion 
of one perfect recitation of the list or after 26 presentations of the list if he 
did not achieve criterion. Following first-list learning, he was given 10 trials 
(excluding the first exposure) on the transfer task. The intertask interval was 
approximately 2 min. 


RESULTS 


Comparison of the 15 groups in terms of trials to criterion on the 
first list was used as a means of assessing possible differences in initial 
ability. Mean number of trials to criterion for all subjects was 15.18, 
While individual means for the 15 groups ranged from 12.16 to 18.27 
trials. Analysis of variance indicated no significant differences among 
conditions [F (14, 255) = 1.22]. 

Performance on the transfer task was examined in terms of number 
of correct anticipations over 10 trials. Table 1 summarizes these data 
for each of the three test paradigms (AB-AB’, AB-CD, and AB-AC) 
under each of the three list conditions (mixed-list AB, unmixed list, 
and mixed-list ABj). The measures under the unmixed-list conditions 
Tepresent the performance of 18 subjects on 12 items for each test 
Paradigm. The comparable measures for the mixed lists represent the 
Performance of 36 subjects on one of two subsets of 6 items each. For 
each test paradigm, data from the two subsets within each mixed-list 
*ondition were combined by ranking the subjects within each of the 
two Stoups for a given condition on the basis of their trials to first-list 


friterion, For equally ranked subjects, data from the two subsets of 
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transfer items were combined and treated as having resulted from 
the performance of individual subjects. This arrangement resulted in 
nine groups of 18 subjects each, making possible a factorial analysis 
of paradigm and list effects. 


Table 1. Mean correct responses for AB’, CD, and AC pairs under three list 
conditions 


Mixed-list AB Unmixed list Mixed-list ABj 
AB’ 89.83 86.55 79.00 
CD 90.11 85.50 79.72 
AC 75.39 63.05 55.89 


The data in Table 1 show little or no difference between perform- 
ance on AB-AB' and AB-CD pairs. Mean numbers correct for AB- 
AB’ and AB-CD pairs respectively were 85.13 and 85.11. This lack 
of positive transfer for AB-AB’ items relative to control pairs is in 
line with Postman’s results (1966). Substantial negative transfer ef- 
fects were apparent in performance on AB-AC pairs, which yielded 
64.78 mean correct responses. By Dunnett’s test, the amount of nega- 
tive transfer was reliable at the .01 level. With regard to the list vari- 
able, it may be noted that mean correct anticipations for each of the 
test paradigms were highest for the mixed-list AB condition, inter- 
mediate for the unmixed-list condition, and lowest for the mixed-list 
АВ) condition. This decrease in performance as a function of in- 
creased level of difficulty of the pairs with which the test items were 
mixed was highly significant [F (2, 153) = 649; р < 001]. Differ- 
ences in performance attributable to the list variable did not vary 48 
a function of paradigm type [F (4, 153) < 1]. 

Table 2 presents mean numbers of correct responses on AB-AB and 
AB-ABj items in mixed lists containing pairs representing each of the 
three test paradigms. Each entry was obtained from the performance 
of 36 subjects on one of the two subsets for each paradigm. When 
performance is compared across the mixed lists in which these paire 


Table 2. A i ; i 
i pur correct responses for AB and ABj pairs under three mixed-list 
oe 


Mixed-list AB’ Mixed-list CD Mixed-list AC 
AB 102.33 
; . 109.28 100.72 
АВ] 51.94 45.72 42.33 


ТЕНИ a. 


INTERSPERSED-PAIR DIFFICULTY 281 


appeared, a pattern similar to that revealed by performance on the 
three test paradigms as a function of difficulty of interspersed pairs is 
apparent. When mixed with AB-AB’, AB-CD, and AB-AC pairs 
respectively, mean numbers correct for AB-AB and AB-ABj items 
combined were 81.92, 78.02, and 71.53. An exception to this pattern is 
the superior performance on AB-AB items in the mixed-list CD con- 
dition. The overall F for differences among the three mixed-list condi- 
tions (AB’, CD, and AC) was not significant [F (2,210) = 1.98]. 
However, since AB-AB' and AB-CD items did not differ in difficulty, 
mixed-list AC was compared to mixed-list AB’ and CD combined. 
This comparison showed that the decrement in performance on AB- 
AB and AB-ABj pairs under the mixed-list AC condition was signifi- 
cant [F(1, 210) = 3.95; p < .05]. 


Interlist intrusion errors 


An analysis of errors on the transfer task attributable to correct as- 
Sociations for first-list learning was carried out for АВ-АВ’ and AB- 
AC pairs as a function of the lists in which they were presented. For 
AB-AB’ pairs 6.78 mean first-list intrusions occurred under the 
mixed-list AB condition, 1.22 under the unmixed-list condition, and 
1.89 under the mixed-list ABj condition. The AB-AC items yielded 
corresponding values of 6.00, 44, and .55. Analysis of variance indi- 
cated that differences among the three list conditions were reliable 
[F(2, 102 = 35.15; p < .001]. The Newman-Keuls test showed that 
the separation between the mixed-list AB condition and each of the 
other two list conditions was significant beyond the .01 level. No fur- 
ther significant effects were indicated. | 

For AB-ABj items, the number of transfer-list errors corresponding 
to correct responses in first-list learning was compared across mixed- 
list AB’, CD, and AC conditions. The greatest number of such errors 
occurred under CD, although the difference among the three condi- 
tions did not achieve statistical significance [F (2, 51) = 2.08; p > 
05]. Mean first-list intrusions on transfer items were 4.44 for CD, 
344 for AB’, and 2.50 for AC. 


Intralist intrusion errors 


Mean numbers of errors attributable to interpair generalizations 
uring second-list learning under the unmixed-list conditions were 
? for AB-AB', 461 for AB-CD, and 9.61 for AB-AC pairs 


[F (2,51) = 4.15; р < .025]. The major source of variance among — 
the three paradigms was due to the separation between AB-AC — 
pairs versus AB-AB' and AB-CD pairs combined [F(1,51) — 748; 

p < 01]. The difference between АВ-АВ” and AB-CD pairs was _ 
not reliable (F « 1). 

Table 3 presents number of intralist generalization errors foreach _ 
of the six mixed-list conditions, For each mixed list, intrusion errors 
are classified according to their origin (generalizations from) and | 
their place of oceurrence (generalizations to). Each entry is based _ 
upon the performance of 36 subjects. The AB-ABj entries exclude in= _ 
tralist intrusions that might be attributable to associat ons acquired. 
during first-list learning and thus perhaps underestimate the strength 
of generalization tendencies within that, subset of pairs. Data from 
each of the mixed-list conditions were analyzed separately by come 
paring the two paradigm types in terms of number of ‘generalizations 
to’ and number of ‘generalizations from.’ Each of the Fs involved is 
based upon 1 and 35 df. The major purpose of these analyses was to 
determine whether there is a systematic relationship between the 
relative difficulty of two subsets of pairs presented in a mixed list and 
the distribution of intralist generalization errors. The general pattern 
that emerges is fairly clear. The more difficult of two subsets of 
mixed-list pairs tended to be the more frequent source of, as well as 
the more frequent place of occurrence of, intralist generalizations. 

For number of ‘generalizations to,’ this relationship was significant 
for mixed lists AB-AB//AB-ABj (F = 2224; p < .001), AB-CD/ 


Table 3. Number of generalization errors within each mixed list 


AB-AB'/AB-AB AB-AB'/AB-ABj 

To AB’ To AB Total To AB’ To АВ) Total 
From АВ” 43 51 94 From AB’ 27 56 83 
From AB 80 34 114 From ABj 50 95 145 
Total 1034. 86 208 Total 77 151 228 

AB-CD/AB-AB AB-CD/AB-ABj 

ToCD ToAB Total To CD То АВј Total 
From CD 100 6 106 FromCD 77 76 . 15 
From AB 3 39 42 From AB) 38 152 190 
Total 103 45 148 ‘Total 115 28 348 

АВ-АС/АВ-АВ AB-AC/AB-ABj 

То AC To AB Total ТоАС ToABj Total 
From AC 92 57 149 From AC 48 94 142 
From AB. 58 22 80 FromABj 92 ne 208% 
Total 150 79 229 Total 140 210 350 
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AB-AB (F = 15.07; p < .001), AB-CD/AB-ABj (F = 16.36; p < 
401), AB-AC/AB-AB (F — 9.24; p < .005), and AB-AC/AB-ABj 
(F = 746; р < .01). For AB-AB’/AB-AB F = 252; 25 > p» 
10. In terms of ‘generalizations from,’ a significantly greater num- 
ber of errors was associated with the more difficult subset in mixed 
lists AB-AB’/AB-ABj (Е =8.11;p < 01), AB-CD/AB-AB (F = 
18.61; p < 001), AB-AC/AB-AB (F = 7.84; p < .01), and AB-AC/ 
АВ-АВ} (F = 12.05; p < .001). In AB-CD/AB-ABj the relation- 
ship was not significant, although the results were in the direction 
of the general pattern. The single reversal of this pattern occurred 
in AB-AB’/AB-AB, where a greater number of intrusions was gen- 
erated by AB pairs than by AB’ pairs (F < 1), 

For the six mixed lists combined, those items classifiable as the 
more difficult of two subsets yielded a highly significantly greater 
number of ‘generalization to’ errors [F (1, 210) = 59.62; p < .001] as 
Well as ‘generalization from’ errors [F (1,210) = 2220; p < .001]. 
Finally, the numbers of intrusion errors of each type associated with 
the five different paradigms in the six mixed lists closely paralleled 
the relative level of difficulty of the pairs. Respective mean values for 
AB, AB’, CD, AC, and ABj items for ‘generalizations to’ were .96, 
1.39, 1.51, 2.01, and 2.73. For ‘generalizations from,’ the corresponding 
Values were 1.08, 1.22, 1.79, 2.02, and 2.52. 


DISCUSSION 


Performance on the three major test paradigms—AB-AB’, AB- 
CD, and AB-AC_was inversely related to the level of difficulty of 
the pairs with which the test items were presented. This result implies 
that attempts to arrive at a general statement of the differences be- 
tween mixed-list and unmixed-list transfer effects for any given par- 
Аат are likely to be unfruitful. The direction of performance dif- 

ences with the two kinds of lists was shown to be dependent on the 
*pecific composition of the mixed list, ‘That is, performance on test 
Pairs in а mixed list containing a subset of less difficult items was 
better than performance with an unmixed list. Conversely, perform- 
ance on test items presented in a mixed list containing pairs more dif- 
feult than the test items was inhibited relative to performance with 
ûn unmixed list, Further evidence that performance on a given sub- 

of pairs in a mixed list varies directly with the initial associative 
Strength (inversely with the difficulty) of interspersed items was pro- 
vided by the results on AB-AB and AB-ABj pairs. Performance on 
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these pairs when they were mixed with AB-AC items was inhibited 
relative to that when they were mixed with AB-AB’ or AB-CD pairs. 

Interlist-intrusion data revealed that the presence of AB-AB items 
in a mixed list significantly increased the frequency or errors, on AB- 
AB’ and AB-AC pairs, attributable to first-list associations. This 
finding parallels evidence cited by Paul and Paul ( 1968) in support 
of the facilitative effects of unmixed-list presentation on transfer 
performance. That is, in unmixed lists AB-AB’ or AB-AC a transfer- 
activated response set apparently functions so as to inhibit first-list 
associations. In mixed-list AB, the response set serving to inhibit 
first-list responses apparently is either not activated or conflicts with 
one that enhances the emission of first-list responses. 

Postman’s (1966) analysis emphasizes a similar factor assumed to 
operate in favor of performance on the unmixed list. Where one of the 
mixed-list subsets consists of items (such as AB-AB pairs) for which 
there is a readily detectable and obviously effective rule, the pattern 
of intrusion errors is expected to reflect inappropriate generaliza- 
tion of this rule to other mixed-list subsets. The interlist-intrusion 
data of the present study are closely in line with this expectation. It is 
clear that the presence of AB-AB pairs in a mixed list decreases 
the distinctiveness of first- versus second-list associations. However, 
it is equally clear that this reduction of interlist discriminability did 
not result in inferior performance on those items mixed with AB-AB 
pairs. That is, in terms of overall performance, mixed-list AB was 
superior to the unmixed list for each test paradigm. 

The intralist-intrusion data appear to be consistent with the as- 
sumption (Johnson, 1970a) that the degree of interitem interference 
generated by a given set of pairs is a direct function of level of diffi- 
culty of the individual items. Comparison of the number of intralist 
intrusions across the unmixed-list conditions showed a direct relation 
between the frequency of occurrence of such errors and the relative 
level of difficulty of the paradigms involved. It should be noted, how- 
ever, that this pattern of differences parallels that indicated by total 
errors in each of the unmixed lists and thus may not provide а satis- 
factory assessment of the assumed effects of intralist interference as 
distinct from those of list difficulty per se. Percentage of errors 
attributable to intralist intrusions appears to be an equally unsatis- 
factory measure. Comparison on this basis involves the questionable 
assumption that frequency of errors of other types (omissions, 
example) is unrelated to differences in level of intralist interference. 
A similar problem of interpretation is presented by the finding #08 


for 


INTERSPERSED-PAIR DIFFICULTY 285 


а significantly greater number of within-list intrusions occurred on 
items of the more difficult of two mixed-list subjects. This result may 
reflect a tendency for performance on those pairs to be more suscep- 
tible to the effects of interitem interference than is performance on 
items of the less difficult subset. Assessment of such a contention, 
however, requires a design that effectively separates the effects of 
intralist sources of interference from those of inter- or extralist 
sources, 

Data regarding the source of generalization errors in the mixed lists 
more clearly support the hypothesis that the strength of intrusion 
tendencies generated by a given set of items is a function of level of 
difficulty of the pairs. Regardless of the place of occurrence of intralist 
intrusions (and the level of difficulty of pairs on which they occurred), 
& significantly greater number of intrusions was generated by the 
more difficult of two mixed-list subsets. Further, when intrusions were 
classified according to individual paradigms across all mixed-list con- 
ditions, the frequencies of intrusions originating from the respective 
pairs followed very closely the order of difficulty of the five paradigm 
types. A similar trend may be noted in Postman's (1966) intrusion 
m for four paradigms presented under a single mixed-list condi- 
ion. 

The one exception in the present results to this pattern of generali- 
zation errors in mixed lists may be worthy of note. In AB-AB’/AB- 

» à greater number of intrusions was generated by AB than by AB’ 
Pars. Differential response availability for AB and AB’ seems to pro- 
Vide an obvious explanation, However, such an interpretation is in- 
consistent with the intrusion data of AB-AC/AB-AB, where differ- 
ences in response availability between the two subsets are even 
Greater. In the latter case significantly more intrusions were gen- 
“rated by AC than by AB pairs. 

The results associated with interpair intrusions in AB-CD/AB- 
28 reflect the operation of a factor that may generally be expected to 
Acilitate performance. It has been suggested elsewhere (Johnson, 
1970b) that a high degree of intersubset discriminability may limit 
Intralist intrusion tendencies to those generated among items within 
1 ach mixed-list subset. The distinctiveness between items carried over 
Tom the first list and those presented only in the transfer task appears 
0 have been relatively complete, since the intrusion data indicated a 
ы absence of generalizations across АВ and cD subsets. The 
ES Superior performance on AB pairs mixed with CD items 

ive to that on AB pairs mixed with AB’ items follows from these 
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considerations. The importance of the high associative strength of 
AB pairs in determining intersubset differentiation is illustrated by a 
comparison of generalizations across AB and CD versus those across 
ABj and CD subsets. In terms of a first- versus second-list distinction, 
intersubset discriminability for the two mixed lists is constant. Yet 
the low associative strength of ABj pairs appears to have resulted in a 
relatively substantial degree of intersubset generalization. 

In sum, the present results are in general agreement with the con- 
clusions reached by Paul and Paul (1968). Transfer effects for a given 
paradigm were clearly dependent on characteristics of the items with 
which the test pairs were presented in mixed versus unmixed lists. 
The present data further indicate that the level of difficulty of inter- 
spersed pairs is a major factor determining the degree and direction of 
differences between the two kinds of lists for a given test paradigm. 
This finding does not necessarily conflict with previous assumptions 
about the influence of systematic strategies on transfer performance. 
But it does focus attention on the difficulties involved in interpreting 
the results of studies that use the manipulation of mixed- and un- 
mixed-list conditions to test such assumptions. For if the designs em- 
ployed fail to control for possible effects of differential variation in 
intralist difficulty, inferences about the utilization of cognitive strate- 
gies under various conditions of transfer are apt to be misleading. 


Notes 


Received for publication September 18, 1970. 
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Corrections 


« The following alterations are to Dr. George Sperling's article on 
Binocular Vision: A Physical and a Neural Theory" (Vol. 83, No. 4). 
On page 479, Equation 8, line 1, V" should be V°. On page 479, 
ration 9, line 1, Y? should be V". On page 484, paragraph 1, the 
t line, Av < 0 should read Au < 0. On page 527, Equation von 
the equation immediately below it should both mad JaJ“, 
Instead of with the minus signs omitted. On page 531, Equations B-11 
‘nd B-12 should read 


E i a Є: (82,) iy at PNE 
1+ ky PA и Gy UFEN 


(tively, instead of with incorrect subscripts. On page 532, line 7, 
) should read (k^). 
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Julian Hochberg 


Columbia University 


Principles of Perceptual Learning and Development 


By Eleanor J. Gibson. New York: Appleton-Century-Crofts, 1969. Pp. viii, 
537. $8.50. 


Winner of the annual Century Psychology Series Award, this book marks 
two important firsts. It is the first full-length work to be devoted to the mar- 
riage of perception and learning theory; and it is the first book by Eleanor 
J. Gibson, whose research studies in these areas and in the experimental 
investigation of early child development have established her reputation as а 
distinguished authority in this newly emerging field in psychology. Я 

Although William James recognized the importance of perceptual learning 
in motor accomplishments such as billiards and rifle shooting and in profes- 
sional testing and buying—wine tasting, for example—the factors on which 
these skills depend have been little investigated. How does the ornithologist 
come to discriminate and identify many different bird songs, or the psycholo- 
gist at the animal-behavior station learn to recognize his goat in the herd? 
How does the surgeon learn to read X-ray plates or, indeed, to improve the 
fine sensory discrimination required for delicate surgery? 

By focusing attention on these questions, Eleanor Gibson has exposed neW 
frontiers of our ignorance and pointed the way to productive new research. 
The existing evidence is scattered and unsystematic. In this book Professor | 
Gibson has accomplished the feat of bringing together а large number 0 
studies on perceptual learning and development from a variety of sources 
and of bringing them to bear on a central theoretical viewpoint. Her con- 
sistently argued thesis is that perceptual learning consists in “the increas 
ability of an organism to get information from its environment as & pe 
practice with the array of stimulation provided by the environment" (р: m 
The “discovery of distinctive features and structure in the world” describe 
the process—one that is self-regulating in that it achieves the goal of " 
tracting and reducing the information in stimulation without the necessity 
external reinforcement" (p. 4). ith 

The book is neatly divided into three parts. The first part deals ™ 
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theories of perceptual learning; the second part reviews illustrative experi- 
ments, evaluating methods and raising questions for research; and the third 
part covers perceptual development, both phylogenetic, including imprinting, 
and ontogenetic, from early infancy. 

Capsule summaries of traditional and contemporary theories of perceptual 
learning provide brief critical abstracts of the views of key investigators. 
Helmholtz, Titchener, James, Koffka, Carr, and Werner represent traditional 
theorists; while Brunswik, Ames, Bartlett, Piaget, and Bruner are some of 
the contemporary psychologists against whose positions the author advances 
her own differentiation theory that “there is information in stimuli to be 
picked up by a sensitive, exploring organism” (p. 75). 

Curiously, the work of Skinner and his followers is omitted, although they 
have made discrimination a focal point of the experimental analysis of be- 
havior. Gibson ignores Skinner's distinction between discrimination and differ- 
entiation, although it seems useful to consider discrimination between stimuli 
as the process whereby a given response is made to one of a pair of stimuli 
and not to the other, and differentiation between responses as the process 
whereby the form of the response itself or its topography is altered by differ- 
ential reinforcement. By failing to include any consideration of such operant- 
conditioning experiments as Terrace’s ingenious work on errorless discrimina- 
tion, or of related, important applications of ‘fading’ techniques to education, 
the book is less comprehensive than could be desired. н 

Professor Gibson raises two questions for learning theory to answer. First, 
What is learned? Second, what are the principles for learning? The chapters 
devoted to differentiation theory carefully elaborate the answer to the first 
question. With untiring concern to drive the point home, Gibson describes 
What is learned as the detection of properties, patterns, and distinctive fea- 
tures—properties that may be buried in a welter of impinging stimulation 
and must be extracted or perceptually isolated. 

As the result of extracting patterns of distinctive features and invariant 
relations not Previously responded to, generalization and variability decrease, 
and response becomes increasingly precise. As opposed to an enrichment theory 
Of Perceptual development, a differentiation theory emphasizes the correspon- 
dence that develops between variables of stimulation and perception. That 
the Changes in perception which result from experience and practice are 
Unctionally adaptive seems to be a reasonable expectation; but unfortu- 
ely, bad habits can be learned as well as good ones, and familiarity can 
ead to Proofreader’s error as well as to improved discrimination. The asser- 
lion that learning necessarily leads to a better correlation between behavior 
and the environment causes difficulty and fails to consider large categories of 
Phenomena; illusions, negative aftereffects of prolonged stimulation, cases of 

erconstancy, and maladaptive modifications that often enough do result 
ex a ection with the sources of stimulation. If these phenomena SH 
ба from the fields of perceptual learning and Lori M ra pan 
its С°З Ог mechanisms must be invoked to account for t em : D. 
Probi Important difficulty for the correspondence theory arises Irom 

em of explaining those changes in perception for which we have no known 
" Sümulus correlates, How can a correspondence theory account for 
Ose changes that are characterized as aesthetic or attitudinal: the acquisition 
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of new tastes and the greater appreciation of subtle qualities of strength, 
humor, or beauty in art, music, literature, and other human beings? What 

or invariant properties constitute the objective physical 
correlates for these perceptions? 

Professor Gibson, of course, is aware of these problems and is at rome pains 
extend the scope of her theory to cover a broad range from wine tasting 
discrimination of letters and higher-order symbolic structures. She con- 
different sources of stimulation: objects, space, events, representa- 
these, and coded stimuli (speech, writing, Morse code.) 
case, the book stresses the discovery of new features that comes 
familiarity with stimulus variations for which the individual 
coding operations. The argument is most convincing 
й stimulus attributes available for discovering; it is 
successful in accounting for aesthetic learning. 

The question of how the organism learns what a distinctive feature is, of 
how stimulus dimensions come to be perceptually isolated, is as important 
as it is difficult to answer. Chapter 6 offers an outline of principles and 
mechanisms of perceptual learning that is especially concise and persuasive. 
This chapter presents several propositions that follow from the assumption 

multidiserimination learning task it is the dimensions of difference 
between the members of a set that are learned. (How the set initially got itself 
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nondistinctive features or noise. 

and interesting aspect of Gibson's specificity theory i$ 
the model worked out by Roman Jakobson for the distinctive 
phonemes. This model enumerates a set of 12 features, each with 
а minus value forming a binary opposition, that suffices to give 
bundles for all the phonemes in all languages. The minimal distinction 
feature opposition between phonemes, but a pair may differ by а num 
features. The confusability of a pair may be scaled by the number 
features between them. 

The model contains a built-in developmental hypothesis that is especially 
seductive. In speaking and comprehending speech, features develop by Pr 
gressive differentiation. Evidence for a hierarchical pattern of development 
by successive binary fission is striking, and a systematic order of loss of 
features with aphasic dissolution shows the child’s development in reverse. 
Gibson also tried out an analogous feature chart for graphemes with encour- 

& success. The features selected were those that electrophysiologt 
studies showed to be critical: straight versus curved lines, and con 
ааа criteria were that the features be invariant under er < 

of size, bri i i ach grap! 
eui be brightness, and perspective, be unique for each gral 
The model is of particular interest because it is potentially applicable н 
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M no physiological mechanisms are suggested and the problem of what 
fal basis might underlie the descriptive psychological processes is left 

hed 

it is by no means clear why a comprehensive theory of perceptual leaming 

development must, in order to support a differentiation theory, cast a 

ЙӨ Against association. As a psychological process with an underlying neural 


| Bower, we immediately judge a wine as dry or а woman as 
MutifuD. Gibson does not face the question of how the pattern or 
е bundle of features" gets connected with a particular differential 
б. Some process of association would seem to be necessary and would 
Й invalidate the parts of the theory that account for dissociation or 
ction of new features. But Gibson says that “the attaching of the right 
nse to the right cue is a trivial matter; it is discovering the critical 
mtiating feature that accounts for differences in difficulty . . .” (р. 832) 
Misis а matter of learning to attend selectively to the critical 
But how, except in very general terms, does this increase in specificity 
Nur? A wealth of evidence is presented to show that practice (repetition 
mulation) results in the reduction of errors, at least variable errors, and 
M the ability to detect regularity and structure grows with age. But the 
ditions under which practice results in learning, or age exerts its differen- 
ling effects, are left vague or unspecified. 
it not possible that the increased specificity of response that here pro- 
es the criterion of perceptual learning may equally well result from in- 
d motivation or effort to judge? We can point to experimental evidence 
lb variability of responding is a function of intention or attitude, sensitive 
the control of instructions to ‘be alert’ or to ‘pay attention’ to particular 
lus aspects. The developmental trends that Gibson stresses may similarly 
lect not perceptual modifications but increases in the efficiency of stimulus 
trol over differential responses. Her own experiments fail to show critical 
S for the appearance of attentional strategies. It may be that age is an 
idental variable and that what appear to be developmental trends actually 
bet the operation of stimulus-response contingencies. Perhaps, too, "re 
mits to the number of feature differences that ought to be — 
discrimination, limits that vary with the age or intelligence of 
or with the difficulty of the task. 1 
will read this book? The author hopes that in addition to colleagues 
ested in perceptual learning and development, students will find it —— 
“vanced undergraduate courses in perception, child development, 
tion. It may be instructive to consider the book itself as an example 
d stimuli and to ask whether differentiation theory can be applied to 
for its effectiveness as a textbook for the student of рор к 
Є How did Gibson herself apply the principles she urges as important when 
et about to enhance the distinctiveness of her own theory? 
er giving it a try in my course in perception, some students reported that 
the book difficult. Many favorable comments remarked the excel- 
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lence of the summaries, the clarity of the organization, the well-marked 
sections following a logical order. The better the students, the more adept 
they were at discovering the distinctive features the author had provided, 
and they recognized the contrast between her theory and those against which 
it is opposed. As the book points out, an important predictor of discriminatory 
performance is the familiarity of features. New stimuli belonging to a class of 
objects having familiar distinctive features are more readily discriminated. 
Thus students with more background in psychology were able to take ad- 
vantage of many subtle strengths of the text not available to the less sophisti- 
cated students. 

As for her colleagues, there is no question but that the book will be widely 
read, studied, and discussed. It will serve as an important landmark and 
major reference work in the psychology of perception for years to come. 


Alberta Gilinsky, University of Bridgeport 


Learning, Memory, and Conceptual Processes 
By Walter Kintsch. New York: Wiley, 1970. Pp. xii, 497. $9.95. 


A good textbook should meet two criteria: (a) it should reflect accurately 
and in as up-to-date a way as possible the current state of the subject matter; 
(b) it should show the way to future development. The present text serves 
admirably on the first count but less well on the second. That this is the case 
should be a surprise to no one, for very few textbooks in psychology during 
the past half-century have played this important role. However, it does point 
up the fact that Kintsch’s book accurately reflects the state of the study of 
human learning and memory. Therefore, many of the critical remarks that 
follow are not so much addressed to the book as to the field. 

Granted that Kintsch’s book is a faithful mirror of the current patterns of 
investigation in human learning and memory, one’s chief disappointment in 
it is that it mirrors just as faithfully the disarticulation that exists in the field. 
There is no apparent effect in the excellent and informative chapters on 
memory of the research that is reported in the later chapter on linguistic 
organization (grammar). Worse still, the chapter on concept identification 
and the chapter on rule learning and language are only imperfectly articulated. 
This is disappointing because the bridge exists in the research on concept 
learning itself. Many of the important recent studies by Bourne and his group 
are assigned not to the chapter on concept identification but to the chapter 
on rule learning. There is nothing wrong with such a decision in itself, except 
that the author fails to tell us why there is a special chapter on concept 
identification which is apparently so independent of the material on rule lea” 
ing. One could guess that the reason has to do with the fact that many of the 
theories faithfully summarized in the chapter on concept identification seem 
to ignore the logical structure of concepts in an effort to treat concept leam- 
ing as a special case of associative learning. 

The book is almost theoretically neutral. Almost, but not quite, for the 
stimulus-response tradition, the behavioristically oriented mathematical mode 
of the 1950s and early 1960s receive the bulk of attention. A curious examp 5 


of this prejudice is the chapter on discrimination learning. It is curious in the 
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sense that so much of the material was obtained not from studies on human 
learning but from studies of animal learning under the implicit notion— 
guiding so much research in learning from 1930 through 1960—that the species’ 
differences, including those between human beings and other species, are 
unimportant. This lends to the early material in this chapter an old-fashioned 
flavor, an impression reinforced by the date of some of the citations. To be 
applauded is the introduction of some discussion of judgmental material into 
this chapter, and the body of the chapter contains some interesting and im- 
portant work on speech discrimination that ordinarily would not get into 
в textbook devoted to human learning and memory. 

One can carp, but in summary it should be said that Kintsch’s book is 
almost the ideal textbook on the first criterion mentioned at the beginning of 
this review. That so faithful a reproduction is not as creative as it might be 
should scarcely be a cause for disappointment. In fact, when one remembers 
the enormous impact of Woodworth’s 1938 text (which I still keep on my 
‘most active’ bookshelf), the importance of accurate and faithful reporting 
is apparent. 

James Deese, Johns Hopkins University 


Verbal Learning and Memory: Selective Readings 
Edited by Leo Postman and Geoffrey Keppel. Baltimore: Penguin Books, 
1969. Pp. 501. $2.95. 


Postman and Keppel have produced a catholic reading text in the tradi- 
tional fields of verbal learning. A large section of the book is given over to 
the problem of acquisition, a problem that is not really at the forefront 
of research in verbal learning (which tends to be dominated by studies in 
interference and organization in memory). This heavy influence on acquisition 
35 all the more curious in that there is no representation of the psycholinguis- 
tic studies. These have revived some interest in mechanisms of acquisition. 
Even more curious is the absence of studies of concept identification (particu- 
larly those concerned with rule learning) in this section. The rest of the book 
3 excellent. There is a good section on organization and recall, a section which 
Suffers only from the lack of one or more of the important papers by George 
Mandler. There is a surprisingly small section devoted to interference, but а 
good one. In summary, this book can be regarded as the faithful mirror of 
Berkeley-style verbal learning as of 1969. 

James Deese, Johns Hopkins University 


Molecular Approaches to Learning and Memory " 
Edited by William Byrne. New York: Academic Press, 1970. Pp. xxiii, 358. 


This is a collection of papers delivered at a symposium on memory trans- 
27 at the meetings of the American Association for the Advancement of 
Science, New York, December, 1967. The volume also includes a list of pub- 
licationg 9n the memory-transfer phenomenon up to October, 1969. In spite of 
the title of the symposium, there are also papers by Jarvik ("The Role of 


Consolidation in Memory”), Barondes (“Inhibitors of Protein Synthesis and 
Memory”), Agranoff (“Memory Formation in the Goldfish”), Zemp et al 
(“The Effect of Training on the Incorporation of Radioactive Precursors into 
RNA of Brain"), Bennet et al. (“Differential Experience and Brain Measures"), 
Appel (“Macromolecular Synthesis in Synaptosomes”), and Essman (“Purine 
Metabolites in Memory Consolidation”). There is also a short communication 
by Melvin J. Cohen on the “Cytological Correlates of Functional Change їй 
Central Neurons of Insects" and a valuable paper by Corning and Riccio om — 
the “Planarian Controversy.” 

The short and lucid accounts of the work of these investigators will be 
useful to students, especially as some of the discussion following the paper 
has been incorporated. The rest of the volume, apart from an excellent sume 
mary by Roy John, is devoted to the controversial problem of memory trans 
fer by means of brain extracts, It has become increasingly clear that the bee 
havior of recipient animals can be differentially affected by some aspect of 
the previous treatment of the donor animal. What is yet unclear is whether 
the substrate of learned behavior is transferred. Unfortunately, the experie 
mental design to clarify this must be quite complicated. Many workers do 
not seem to be aware that even within a discrimination .ask, the recipient 
animal's choice need not be determined by some cognitive factor but simply 
by some motivational alteration. A striking example of this was found in the 
reviewer's laboratory. It is believed that goldfish have a preference for red, 
learning to go to red somewhat more easily. This is true when they are hungry’ 
But if they are given a choice between blue and red when escaping from 
shock, they choose blue. They cannot learn to swim to red to escape from 
shock and persist in swimming to blue even though shock persists. Similar 
though less striking alteration of biases can be observed in rats. Although: 
there is considerable scepticism about the existence of memory transfer, the 
present volume does not reflect its presence or air the legitimate doubts om 
the issue. The book would be better if it were not so one-sided. 


J. Anthony Deutsch, University of California at San D 


Basic Color Terms: Their Universality and Evolution 
By Brent Berlin and Paul Kay. Berkeley and Los Angeles: University € 
California Press, 1969. Pp. xii, 178. $8.50. 

The authors are anthropologists who have surveyed in a simplistic mann 
the evolution of 11 color names (not ‘terms’ in the usual sense) in 20 different 
language groups. The color names with which they were concerned are № 
black, red, yellow, green, blue, brown, pink, purple, orange, and grey (sic). 
The language groups were Arabic, Bulgarian, Catalan, Cantonese, Mandar 
English, Hebrew, Hungarian, Ibibio, Indonesian, Japanese, Korean, Por 
Spanish, Swahili, Tagalog, Thai, Tzeltal, Urdu, and Vietnamese. == 

The study, though interesting, will have most appeal to psychologists СОЁ 
cerned with the evolution of linguistics, but least pertinence for g 
concerned with the perceptual aspects of color. 


Robert W. Burnham, Eastman Kodak Company, Rochester, New ¥¢ 
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Light, Color, and Environment 
By Faber Birren. New York: Van Nostrand Reinhold, 1909. Pp. 131. $1950. 


Though heralded on the title page as “a thorough presentation of facts on 
the biological and psychological effects of color—plus historical data and 
detailed recommendations for the resultful use of color in modem human 
environments," this book's scientific base is thinly conceived, and the recom- 
mended applientions of color will be of more interest to designers and deco- 
rators than to experimentalists concerned with the psychophysiological aspects 
of color. 


Robert W. Burnham, Eastman Kodak Company, Rochester, New York 


Olfaction and Odours: An Osphrésiological Essay 
By William McCartney. Berlin: Springer Verlag, 1968. Pp. viii, 249. $9.00. 


The author of this book states in his foreword that “no truly comprehensive 
modern monograph on olfaction exists" (p. iii). Unfortunately, those indi- 
viduals who are either casually or actively interested in olfaction and would 
like to see this void filled must remain disappoined, as McCartney goes on to 
note that his book “also is not comprehensive” (p. iv). 

A sampling of the topics touched upon in this volume includes: an assess- 
ment of the olfactory prowess of dogs, birds, and fish; а comparison of 
olfaction in blind versus sighted and civilized versus savage men; a survey 
of the various odor-classification systems; some of the proposed relationships 
between the molecular structure of a compound and its odor; and several of 
the theories of olfactory stimulation. Although the author acknowledges that 
several of these topics are central issues in modern olfaction and have broad 
Practical and theoretical import, the amount of space devoted to each topic 
In no way reflects its relative importance. For instance, nearly one-third of 
the text is devoted to a review of the odor-tracking ability of the dog, with 
Particular emphasis on reports contained in the older and more obscure pop- 

and scientific literature. On the other hand, the anatomy of the olfactory 
System is treated in one paragraph and the very important topic of odor 
communication among individuals by pheromones is not treated at all. 

This book could prove useful to those interested in the historical back- 
ground and development of olfaction. Individuals seeking information about 
current ideas and problem areas in modern olfaction should look elsewhere. 


Robert J. O'Connell, Rockefeller University 


Foundations of Abnormal Psycholo, Rinehart 
Edited by Perry London and. Deed ENG New York: Holt, Ri 
Winston, 1969. Pp. x, 644. $9.95. 
This book represents a departure from the traditional format of a text in 
ormal psychology, and the editors’ desire to create а dialogue be f 
Ee and abnormal psychology is admirable. Taken individually, , Some 0 
chapters Tepresent excellent coverage of such diverse topics as behavior 
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genetics, genius, behavior dynamics, social factors in psychopathology, and 
so on; many of these chapters would make good supplementary readings. 

The primary weakness of this book as a text is that the individual contri- 
butions are never integrated and that the chapters dealing with descriptive 
psychopathology and treatment offer little more than brief versions of standard 
approaches to the area. The atmosphere of a dialogue is never created, perhaps 
because the editors did not include enough of the contributions of general 
psychology. The marriage between general and abnormal psychology would 
have been more compatible if the editors had included more extended treat- 
ment of areas such as learning, perception, and motivation in lieu of chapters 
on character, genius, and creativity. 


Harold J. Johnson, Bowling Green University 


Robots, Men, and Minds 
By Ludwig von Bertalanffy. New York: George Braziller, 1967. Pp. x, 150. 
$5.00. 


In 1928 a review appeared of the previous half-century of embryology, 
“Modern Theories of Development” by L. von Bertalanffy. In this remarkable 
essay (translated into English in 1933, reprinted by Harper in 1962), 
Bertalanffy perceptively outlined the history of the controversy between the 
‘mechanists,’ who viewed the development of the embryo as the sum of the 
separate developments of its parts, and the ‘vitalists,’ who viewed embryonic 
differentiation as organized by an overall plan or ‘entelechy,’ leaving every cell 
equipotential to play any parental role. Both points of view were correct 
in a sense: cells may start out largely equipotential, but they are directed 
toward particular internally-guided growth patterns by critieal interactions 
with neighboring cells. It will be surprising if similar interactions are not the 
empirical resolution of current investigations of brain and behavior. 

Bertalanffy and others argued, from the inadequacy of either model of 
embryonie growth to account fully for the facts, that one must adopt an 
‘organismic’ view of embryonic development. On this view, there is а system 
that transcends individual cell-to-cell interactions—a system which may have 
laws of its own that do not necessarily apply to the parts but only to the 
whole. 

This argument was, and is, not unfamiliar to biologists and psychologists, 
who recognize the futility of misplaced attempts at mechanistic reductionism. 
However, to postulate a theory of higher-level ‘wholes’ is not enough: 026 
must also develop the ‘whole theory’ and isolate the laws that pertain to 4 
alone. Bertalanffy proposes that such laws of higher-order ‘systems’ are 
general to living (and perhaps nonliving) systems, independent of their mode 
of empirical reflection. That is, the same laws might apply to social systems, 
the dynamic structure of freight yards, language behavior, and so on. Indeed, 
various attempts to analyze specific problems in an abstract manner have 
the pages of a journal, General Systems, started by von Bertalanffy and others 
in 1956. The most general argument consistent with such investigations 19 | 6 
concept of (meta-) theoretical sciences—theoretical biology, theoretical history: 
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and so on—in which the first problem is to isolate the laws of what could 
happen rather than what does and has happened. 

The difficulty is that from deep enough a well of abstraction all problems 
appear to be the same. Even worse, with a sufficiently unconstrained mathe- 
matical system, we can make them look the same regardless of otherwise- 
apparent profound differences. As Bertalanffy himself hints in his later works, 
such abstract investigations may reveal more about the way humans conceive 
of the world than about the world itself, But, of course, it is the tenet of 
modern cognitive psychology that there are more direct ways of discovering 
the structure of man’s mind. 

In his monograph Robots, Men, and Minds, which is based on the Heinz 
Werner lectures of 1966, Bertalanffy emphasizes his view that modern psychol- 
ogy is still caught in the traditional doldrums of mechanistic views of man; 
he rejects the mechanistic view with a wide-ranging attempt to put psychology 
into humanistic and systematic perspective. Many of his individual points 
are correct and pertinent, but many are directed at personal demons that are 
of no relevance for psychology today. His main argument is that a man is a 
man, not a complicated rat, and should not be studied by using analogies and 
theories based on studies of lower organisms, He takes great pains to docu- 
ment his claim that modern psychology is based on “the positivist-behavior- 
istic-commercialistic philosophy deeply ingrained in American life and 
thinking” (p. 116). His most concerted attack is on instrumental conditioning 
28 typical of modern psychology, although he himself claims to be distilling 
beliefs general to the field rather than attacking a particular formulation. 

There are two flaws in his argument; first, he fails to appreciate the recent 
redirections away from reductionist mechanism in the study of the mind; 
Second, he fails to recognize that the field of operant conditioning can be 
Viewed as an empirical study of the controlling parameters in the generalized 
learning capacity of any complex organism that is catabolically sensitive to 
stimuli and that anabolically compounds responses, It is a tenet of this school of 
Psychology that there are general ‘systematic’ laws governing the linking of 
Stimulus configurations and response patterns independent of the particular 
animal or learning system. So it is puzzling that Bertalanfly does not hail 
the Study of operant behavior as one of the great attempts to develop nu 
“mpirical base for investigating the laws of learning as a system, independent 
of any Particular organism or task. . 

Of course, it is the extent to which operant psychology is species- and task- 
ftee that has led many students of behavior to reject it as an account of 
SPecies-specific behaviors such as language. But Bertalanffy does not recognize 
218 rejection as an indication of a change of heart. He passes over the criti- 
“sms of instrumental conditioning that have appeared recently as “conces- 
Mons hesitantly made under the impact of circumstances” rather than seeing 

em as significant indicators of a change of orientation by many researchers 
yoUcerned with humans and animals, N evertheless, since 1963 (the date of his 

lest. referenced criticism of instrumental conditioning), there has been a 
Seneral shift within such traditional experimental areas as developmental 
Psychology, the psychology of language, and information processing, a shift 
ad Wholistic, species-specific accounts of behavior patterns and capacities. 

Bertalantiy is not attacking a straw man, he is at least attacking one made 
of plaster of paris, 

Robots, Men, and Minds appears to have been written partially as an 


exercise in the application of ‘systems theory’ to the writing of books shout 
psychology and man. Bertalanffy is definitely aiming at The Big Pietume. 
The distance from the subject is great and the generalizations are sweeping. 
One can grasp an impression of the book's style simply by skimming the 
pages for references to other thinkers: the sheer number of such references is 
overwhelming and their range leaves one awash in summary judgments about 
complex and differing views. Consider, for example, the possible coneatena- 
tions of ideas of and about these individuals: Skinner, Maloney, Aristotle, 
Hitler, and the Beatles (р. 19) ; Maritain, Luther, Saint Jerome, Jesus, Lorena, — 
and Kant (p. 43); Lorenz, Köhler, Freud, and Koestler (p. 36); Meerloo, 
Werner, Piaget, Schachtel, and Freud versus Uexkuell, Cassirer, Humboldt, | 
Whorf, Cantril, and Heisenberg (pp. 92-93). Generalizations cncompasing 
such a variety of thinkers are necessarily distant from the subject matter; 
indeed, they may tell the reader more about Bertalanffy than anything else. 
Perhaps because of that, the number of provocative insights and opinions 
about a wide range of topics in current science and modern life make this 
brief book stimulating for the reader who can differentiate relations from 
associations. 


T. С. Bever, Col:mbia University 


Psychological Science and the Educational Enterprise 
By Burton G. Andreas. New York: Wiley, 1968. Pp. ix, 103. 


This short book is described by the author as the “emboldened effort of & 
psychologist to teach teachers some lessons in learning." Ideas from the fields 
of motivation, perception, learning, and memory have been organized inf 7 
seven broadly prescriptive chapters. The results are not solid enough to help 
teachers make important instructional decisions, nor is the book likely to 
satisfy psychologists who hope to find evidence for the practical usefulness of 
their work. z 

The failure of Andreas's earnest effort reflects in part the poverty of psy- 
chology as a scientific discipline. Concepts in learning and memory are tene 
indeed, and one cannot go far from the laboratory bench before generalization - 
from experimental findings becomes metaphor. But the book may_also have 
erred about what psychological information can really be used by tors. 
Andreas consistently overvalues psychological findings or theoretical cone 
and neglects the contribution of psychological methods to the educa 
enterprise. For example, he characterizes programmed instruction as а t! 
of reinforcement theory. But many workers in programmed instruction Se 
reinforcement theory as quite irrelevant to their work. By contrast, they CoP 
sider the trial-and-revision methods used in program dev ent аза 
outgrowth of the experimental procedures of the learning laboratory. 

The book cites only 48 references and is given to unsupported 
ments. It is clearly written, but it lacks substance. 


Ernst Z. Rothkopf, Bell Telephone Laboratories, Murray Hill, New 
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A PERCEPTUAL CODING LANGUAGE 
FOR VISUAL AND AUDITORY PATTERNS 


E. L. J. Leeuwenberg 
University of Nijmegen, the Netherlands 


A formal coding language for two- and three-dimensional shapes and for audi- 
tory patterns is presented. The coding allows the derivation of measures of 
information for both shapes and auditory patterns, as well as measures of 
preferred dimensionality, hierarchy, and substructural order for shapes— 


measures that rather successfully predict the 
nomena. A theory of the origin of the units of information that are inde- 
pendently processed in the human perception of visual and auditory patterns 


is proposed. 


One of the most baffling functions of the human organism is un- 
doubtedly its ability to represent the outside world. On thinking or de- 
duction, so many ‘laws’ have been inferred (logic) that it has been 
seriously questioned whether man can in fact think at all. But on the 
induction of concepts, little or nothing is known. 

The inductive process occurs even at the level of perception. Indeed, 
in perceiving two different triangles, it is immediately clear that the two 
shapes are in correspondence with respect to the category of triangu- 
larity. How does the perceptual system process the data of the patterns 
in such a manner that triangularity is selected as the relevant category, 
while in principle an infinite number of categories could be thought up? 
One might reply that the perceiver counts the number of angles of 
tach figure and then checks to see whether both shapes have the same 
number of angles. ; 

But what would the perceiver do with patterns la and Ib (over)? Their 
Common category is circularity. Clearly, counting the angles does not 
lead to this conclusion. Could it be that the perceptual system tests all 
Possible (an infinite number of) rules in a fraction of a second? Or 
does it merely consider a small number of highly likely rules, which 
indirectly involve many others? We proceed from the latter suggestion 
and attempt to establish the existence of such universal coding 
Principles, 

Let us take a look at an example of how this investigation could be 
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started. Assume that a perceptual system is presented with ра 
2a and 2b. Suppose too that we can take a look behind the eye of 
perceiver and that we there discover how both figures are repr 
in his brain—or, equivalently, how they are expressed in a new 
readable perceptual language. We may then read as the code for p 
tern 2a ‘concatenated small straight lengths of line, which consecu 
form the following angles in relation to a fixed base: 0 deg, 90 
0 deg.’ As the code for pattern 2b, we may read ‘concatenated 
straight lengths of line, which consecutively form the following 
in relation to a fixed base: 45, 135, 45 deg.’ 


К< 


The first parts of the two transcripts are the same, so we und 
that the perceiver can indicate the correspondence of the 
lengths of line in the two patterns, But the last parts of the two 
do not show a ready-made similarity, so we know that the pe 
language we have used in our example is inadequate. Indeed, a h 
perceiver would see immediately that the patterns are near 
identical, the one merely being somewhat rotated in relation 
other. Let us therefore see if we can improve the language, can ™ 


more efficient. 
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Suppose now that in the brain of the perceiver, there is still another 
perceiver (also known as homunculus) who is busy with the as yet irre- 
concilable values 0, 90, 0 deg and 45, 135, 45 deg—pairing them con- 
secutively and subtracting one from the other. Thus 90 — 0 deg and 
0 — 90 deg give 90 and —90 deg respectively, and 135 — 45 deg and 
45 — 135 deg give 90 and —90 deg respectively, By means of this sub- 
tracting operation, the irreconcilable angle series are made equal. Thus 
the translation of a shape in terms of differences between consecutive 
angles is in this case a better one than the translation in terms of angles 
in relation to a fixed base. 

For the time being, let us conclude from this only a rather general 
property. We saw in our second example that the perceiver first regis- 
tered the angles. Only after this registration did the super-perceiver 
(homunculus ) begin to perform his subtraction tricks—to build on the 
results of the first perceiver. Could it be that this strategy applies only 
in the translation of this particular pair of figures, or would it have a 
more general applicability? - 

Let us apply the strategy to the translation of figure Ib. This could 
read ‘dots in the configuration of a circle, in which a square is attached to 
each dot.’ The first part of this description has to be determined first; 
only then can the second part specify the first. In other words, there is a 
hierarchic relationship between the two parts of the 
Homunculus’s strategy has thus been applied in the translation of the 
figure. The translation, moreover, is psychologically relevant, for the 
E part of the translation describes exactly the ‘psychological’ sim- 
ilarity between figures la and 1b. 

One might go on in this fashion, devising perceptual laws and testing 
them. But this will serve as a start. The way in which we have made this 
Start may be very rough indeed; still, any perceptual rule conveying a 
broad restriction may be of use. Typical examples of such rules are pro- 
vided by the Gestalt laws. 

We now analyze a pattern in more detail in order to give a preliminary 
Picture of the coding system we shall then discuss, and in order to 
illustrate more clearly the principle of perceptual hierarchy. Let us look 
‘gain at how a pattern is stored by the perceiver—stored first at a 
Peripheral level and then at a more central level, in such a manner that, 
in agreement with considerations by Attneave (1967), the representa- 
im the latter level is less redundant than that at the more peripheral 

el. 


For example, the peripheral representation of figure 3 might consist of 
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the series of angles formed at each dot, the angles between the доб со 
nections with the previous dot and the base axis. We then obtain, st 


ing at the point at which the axes meet, 


46, 46, 46, 46, 23, 23, 23, 23, 0,0,0,0, —23, —23, — 23, —23, 
—46, —46, —46, —46, —23, —23, — 23, —23, 0,0,0,0, 

23, 23, 23, 23, 46, 46, 46, 46, 69, 69, 69, 69, 92, 92, 92, 92, 
115, 115, 115, 115, 138, 138, 138, 138, 115, 115, 115, 115, 

92, 92, 92, 92, 69, 69, 69, 69, 46, 46, 46, 46. 


Again we assume our homunculus, who is capable of translating 
series of numbers into a shorter form. He does not, however, I 


ately cause the disappearance of the first redundant 
First, the quadruplicity of the angle values gets expressed as 


4* (46,23,0,—23,—46,—23,0,23,46,69,92,115,138,115,92,6946) 
Within the fences, homunculus's simplifications now begin to ар 


if not the values themselves, but the differences between Ше! 
considered, as they were when homunculus performed his tric 
figures 2a and 2b. To see how this can be expressed symbolicall 
sider the minor example 0, 1, 2, 3, 2 = (1,1,1,—1) f . Within the 
preceding the f sign are the differences obtained pairwise. The ! 
pression of figure 3 is thus retranslated as 

4- ((46,—23, —23, —23,—23,23,23,23,23,23,23,23,23, _ 

—93,—23,—23,—93)f). ф 


ae 
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Once again, quadruplicity can be represented. It must be noted that 
this new representation is possible only after the translation by means of 
pairwise subtraction ( f) has been applied. Now, at the next 
a hierarchic transformation is performed. The translation now becomes 


4° ( (46,4-( —232323, —23)) f) . 


Within the inner fences now lies a symmetry. This property constitutes, 
again in accordance with Attneave (1954), a simplifying perceptual 
principle. 

Let us now agree that R(a,b) = a, b, b, a. Homunculus's recoding 


of figure 3 then gives 
4° ( (464«(R( —23,23)) f), 
which might also be written as 
4° ((464«(R(-(23) )))f). > 


In this way, a figure is represented very concisely and very efficiently. 
One may attempt different sequences in the transformations, but, after 
some calculation, it will be apparent that only one sequence is the most 
efficient. 

In this context, the very pertinent question is what determines the 
length or inefficiency of the formula. One might suggest that the greater 
the number of symbols in a formula, the more inefficient it is, For in- 
stance, in the formula 3 X (a + b) seven symbols may be distinguished. 
However, these symbols are not independent of each other. The symbol 
X and the symbols ( ) have no meaning if 3 is absent, and vice versa. 
We therefore regard 3 X ( ) as one given entity—as one information 
unit, 

As а general rule, the + and X symbols we call operations, while the 
( ) symbols we call indicators. We attribute information units to the 
signs f, R, +, and to numeric values, Thus 3 X (a + b) contains but 
three information units. And the information in the last coding for 
figure 3 àmounts to seven units. In general, we ignore the information 
уйсегиїп the tilt of the figure (in this case, 46 deg) and the first f 
transformation, so that the recoding for figure 3 contains five rather than 
Seven units, 

The coding system we are about to discuss has, in the first instance, 

ing on two- and three-dimensional structures. It can also be applied, 
às will be shown, to auditory patterns. The coding system for two- 
dimensional figures has been described elsewhere (Leeuwenberg, m 
1969); we return to it frequently, because it contains simplifying 
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gies, Even so, our pattern language will give the impression of being very 

complicated at first, both because the analogies can become clear only 

afterward and also because we present the system of rules in a very 
formal fashion. | 
In presenting this model, we do not wish to suggest that there are no 
other possible codes for patterns, especially for the patterns in short- 
term memory or in imagination (Moran, 1969). We moreover out 
of consideration the manner in which representations of st may 
in a certain context be laden with meaning when evoked in a human 

‚ In other words, the coding system we present is 

with the ultimate cognitive representation of structures in long-term 
memory, insofar as these structures are free of meaning. From this 
coding system, such various perceptual properties can be deduced as 
the information, similarity, hierarchy, regularity, and redundancy of 
figures. By means of such quantifiable properties, quantitative tests ОЁ 
perception, of organic cerebral disorders, and of fluid intelligene 
(Cattell, 1968) may eventually be developed. Another effect of this 
coding system is that it may yield suggestions toward models of 
tern recognition. In our discussion, an attempt will be made to 
stantiate the choice of the coding rules that are set out and then ill 5 
trated below. First, however, the following two main sections set out t he 
coding rules and provide illustrative examples. 


RULES FOR THE CODING 


Information units 


n Number: a, а, a = 3* (a). This information may specify 126 

у Integration: (325) = 0,0 + 3,0 + 3 + 2,0+3 +24 = 
0, 3, 5, 10. з 

R Reversal: R (33,5) = (3,2,5), {3,2,5}. 

+ Left-right variation: +(90 deg) = 90 deg, —90 deg. 


+ Addition: 5 +3 = 8. 

X Multiplication: 5 X 3 = 15. 

* Iteration: 3* (a) = a, a, a. ; / 

* Addition: This corresponds to the multiplication of vectors 8 0 
in figure 4. This operation does not affect length, however. — 
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Addition of coincident angles, as in figure 5: [10,0,0,45,45,45/] 
[10,10,10,10,10,10/] = |10,10,10,10,55,55). This operation holds only 
| 0, 0, 0,45,45,45 


5 


__ A ——— E 


if two figures meet each other (point p). The operation is used in 
figure 5 in order to maintain certain patterns, like |10,10,10,10,10,10/, 
invariant under topological transformations such as the “curved sur- 
face’ | 0, 0, 0,45,45,45|. We have examples of this below, in the dis- 
cussions of figures 10g, 10j, and 101. Later it will also become clear 
why these numbers are usually enclosed in the absolute signs, | | 


Indicators 


t 
( 


~ 


() 


L1 


^ Reprisal: the function of an enc 


Continuation: {а{ =a,a,a,a,... This continuation holds until this 
sequence meets ‘something’ (e.g, a line or surface). 

Chunking: 2- (a,b) — (a, b), (a, b). The sequence within these 
signs is treated as one unbroken unit in every context. 

Border: these signs are rather meaningless and often redundant. 
For example, 2 - (a,b) = a, a, b, b. The enclosed values do have a 
common fate, but function separately. Furthermore, these signs en- 
able the applicability of the rule that in the reconstruction of a 
formula, the most deeply embedded values are solved first. 
Breakdown into elements: [{a,b}] = a, b. These signs have the op- 
posite effect of { }. However, this is only partly the case. They- 
divide the enclosed group into subgroups by one step only. For 


examplé, [{ {a,b}, (c,d))] = {a,b}, d cco ома x 6 


combined with all the unenclosed adjacent values. For example, 
/2, 3^ + (a,b) = 2+(a), 2 (b), 3° (a), 3* (b); whereas the normal 
situation is (2,3) - (a,b) = 2° (a), 3° (b). ° 

Complete breakdown into elements: these signs represent the total 


314 


м 


LEEUWENBERG 


opposite of the { } signs. They break the strongest chunk into its 
utmost smallest elements. For example, [{ {a,b}, {c,d} ) ] = a, b, c, d. 
Absolute angles: the enclosed values refer to angles between se- 
quentially connected straight lengths of line. These angles are, how- 
ever, related to one base axis. When angles are not enclosed by 
these signs, then every value refers to the angle between a piece 
of line and the continuation of the previous line; these are ‘rela- 
tive angles.’ For an example of absolute angles, |17 deg, 33 deg, = 
17 deg, 16 deg (see figure 6). 


6 


Independence of angles: (a,b) || (c,d). This means that a and b do 
not form the reference axis for the angles c and d (in this case € 
and d are dependent on a and b in another aspect). Further, when 
a and b in their turn are dependent on p and v, and |||| is substi- 
tuted for ||, as, for example, in ((p,v) (a,b) |||| (c,d), then c and d 
are also angularly independent of p and v. There is an explanatory 
example in the next main section. 

‘Outerproduct’: 14 deg, 67 deg (45 deg). The last angle, 45 deg, is 
in the direction of the outerproduct of 14 and 67 deg;' that is, in 
the direction given by the right-hand rule (see figure 7). In this 
case, 45 deg makes an outerproduct angle with 14 and 67 deg. This 
outerproduct enables us to describe three-dimensional figures in а 
way analogous to the way we describe two-dimensional figures, 
where we use the one past angle as reference base (axis) for the 
following angle. For three-dimensional figures, a surface deter- 
mined by two angles (e.g., 14 deg, 67 deg) is used as reference 
base for every following angle. 

In cases (see figure 8) where there are more included angles 25 
14 deg, 67 deg (—90, 45 deg), every included angle is also an outer” 
product of the last two angles. Hence, 45 deg is an outerproduct 
of 67 and —90 deg. However, the right-hand rule must be applied 
to the rotation determined by 67, +90 deg. Note further that in 
the case of [14,67 deg] ® [(190, 45 deg], the 45 deg is not 0 
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outerproduct of the last two angles, 5 and 90 bs a b д 
paired angles at the left side of the ® sign ч is v a me 
67 deg). This exception occurs only when the tee ree m T 
ent. There is an explanatory example (see figure 101) in 

main section. 


Ж ; in figure 9b, 
Vanishing sign: in figure 9а, a, 2* (0), a, = а, o» 4 Lom de 
Ф 2-0), а = а, ‚ , a. In the latter, the values fan E tala d 
as existing elements but are invisible. An ауу the situa- 
the case in which there would be no difference be t function nor- 
tions with and without signs; then the values 20 in the next 
mally (see the examples for figures 10c, 10d, an 
main section), 
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Combinatory and implicit rules 


Combination: the rules for combination are 
(a,b) (c,d) =a,c,b,d and 
(a,b) {c,d} = a, {c,d}, b, {c,d} and 
{a,b} (c,d) = {a,b}, c, {a,b}, d . 
Operations: there are three rules that hold for all the operations (+, 
Ж and *). 
These are 
(a,b) + (са) = a 4- c, b +4: and 
(a,b) + {c,d} =a + (cd), b + {c,d} and 
Vabp + (cd) = {a+c,a+d}, (bc, b+d}. 
For addition (both + and *) holds 
a+ {b,c} = {a+b,c}. 
For iteration ( * ) hold 
2-(ab) =a,a,b,b and 
2+ {a,b} = {a,b}, (a,b) . 
For one-sided iteration hold 
3; (a,b) (c,d) =a,b,a,c,b,a,b,d and 
2 (a,b) (c,d,e) = a,c,d,b,e,c,a,d,e,b,c,d,a,e,¢,b,d,e and 
(1,2) *(@)(b) = a, b, a, b, b . 
Note that the rules for iteration and for one-sided iteration 
can also be applied to left-right variation: 
3;(+)=+,+,+,- and 
ЗЕБ) Н and 
Saat, —,— and 
E TOE {=}. 
Serial structure: as in figure 10a, 
a, 4 (0), a, 4* (0), ... = fa40) £. 
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10a lOb lOc lOd 
L] N 
. (ч = | 
: + . $ А / 10 
lOe lof 10g 10h 
$4 _- 
AS ~~” 


Ж a 


Parallel structure: used at nodes, from which different branches derive, 
as in figure 10b (otherwise the normal serial structure is 


used). 
а,4 (0) 
a, 4* (0) Ут 
a, 4-(0) 1600 
a, 4+ (0) 


Note that the upper angles form the reference bases for the 
lower angles and have common starting points. 


RULES: EXAMPLES AND ANALOGIES 


Referring to some examples, we now attempt to show how visual 
Structures of two and three dimensions, as well as auditory structures, 
may be coded with the aid of the rules just presented. At first, and 
Senerally, we shall express visual patterns in terms of relative angles 
(see the section on the absolute-angles indicator, | |, and figure 6 above). 

et us now agree that the first 10 letters of the alphabet symbolize an- 
gles and that the remaining letters symbolize numbers. 
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Accordingly, figure 10a may be coded, as we saw above, as 
tan (0)t. 
If n is sufficiently small, this polygon approaches a circle. Thus, both 
shapes, polygon and circle, contain two information units. Further, as 
we also saw above, figure 10b may be described as 


a,n*(0) . 

Now, just as the 1 { symbols are used both in the serial formula for 
figure 10a and in the parallel formula for figure 10b, so may all com- 
bination rules be used both in the serial (horizontal) formulas that are 
normally appropriate to two-dimensional shapes and in the parallel (ver- 
tical) formulas that are particularly suitable to three-dimensional figures. 
The parallel structure of the formula for figure 10e is an example. Its 
code reads, because though two-dimensional, nodes are involved, 


LS 
{ат-(0); 


| ا 
Ь,р'(0) .‏ 


This means, take an element (angle) of the polygon $ a,n-(0) { and at- 
tach to it a straight line of length р,р-(0), in such a way that the line is 
linked at an angle, b, to the element of the polygon. As the combina- 
tion rule (given by the fences) dictates, one must now return to the next 
element (angle) of the polygon 1a,n(0)3 . This element should now be 
attached, not to the straight line р"(0) just mentioned, but, as the ver- 
tical structure of the formula indicates, to the first-mentioned element 
of the polygon. Subsequently attach to this, again, a straight line p*(0) 
at angle b; and so on in the same manner. 


An example in which a vanishing sign finds expression is figure 10c, 
whose code reads 


tan-(0)}. 
And analogous to figure 10e, figure 10d may be written as 


е1 
$a,n-(0) $ 
Rl 


Dp). 


——— 


This latter already constitutes an exceptional case, since not only n'(0) 
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itself vanishes but also its further function, this being revealed by the 
fact that where n-(0) has disappeared, p*(0) has also disappeared. If this 
had not been so, the formula would have also applied to figure 10е, 
Next, we may show the meaning of the independence-of-angles in- 
dicator, ||. Figure 10f may be coded as 
ol 
§a,n-(0)§ 


LI 


Б,р'(0) . 


Angle b is indeed linked to the elements (angles) of the polygon fa,n* 
(0)] ; however, it is not dependent on the angles, a, but on the absolute 
base to which the a angles were referred in the first instance. In figure X 
of Table 1, the independence-of-angles indicator is used twice in order 
to show that cruciform patterns are angularly independent not only of 
the circular structures but also of the sinus superstructure. 

The following examples deal with the very complicated use of the 
addition-of-coincident-angles operation, ®, Here we also express visual 
patterns in absolute angles. The formula for figure 10g is made up of 
two parts: that for a star and that for a straight line. However, the line 
in the figure is not in fact straight, for at every point ([] []) where it 
intersects () the radials of the star, a constant absolute angle (|70 deg|) 
is made with (*) these radials. In this way, the line is transformed into 
а spiral by virtue of its relation to the star. The representation of fig- 
ure 10g is 


[a,n-(0)] ™ [|k-(70)|1 


and the formula for figure 10h, where the star ‘vanishes’ from the 
Spiral, is 


[a,n-(0)] ®\ [|k-(70)|] . 


The reason the angles on the right-hand side of the formula are absolute 
15 that they form a constant 70 deg with the absolute reference axes 
formed by the radials of the star described in the left-hand part of the 
formula (see figure 10b). In fact, the left-hand pattern must first be 
Constructed before the right-hand pattern can be superimposed on it. 

nce the star pattern has transferred its directional function on the line 


то), the star as such can vanish, 
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A similar process can be seen in the relation between figures 10i and 
10j. Figure 10їз representation, 
m * [|(0180)(90)|], 


can be recognized in the formula for figure 10j. This is in agreement 
with the fact that pattern 10i can easily be perceptually recognized in 
pattern 10j, which latter is represented by 


{a3 03) [®0).-1)(0,180)(90) i}. 


The left-hand side again describes a star with infinitely long radials. 
Even though this star pattern vanishes, it still has its effect on the figure 
that corresponds to the right-hand part of the formula. This part first 
follows one of the radials of the star for a certain length, t«(0), which 
length later vanishes, and then the castellated structun + т" [10,90,180, 
90,0,90,180,90, =) connects on, in such a way that it is turned by the 
invisible star, which provides a new base plane. 

The same procedure holds for the representation of pattern 101, in 
which pattern 10i also occurs, invariant under the topological surface 


transformation described in pattern 10k and represented by 


TU 
с T 


(90,m0) . 


The representation of pattern 101 is 


کے 
1a«(0)1‏ 
پا 


9 [mt 


Pattern 101 is composed of patterns 10k and 10i. Pattern 10k is shown 
on the left side, and pattern 10i on the right side, of the formula. Be- 
cause of the combination of the A and ( ) signs, the angles at the right- 
hand side form an outerproduct with the surfaces constituted by the 
angles of the formula at the left-hand side. However, this outerproduct 
occurs only between those right-hand angles that coincide with left- 


(0,180)(90)|1)] 


— 
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hand angles. In order to specify these angles, the left-hand figure has 
to be constructed first and then the right-hand figure must be superim- 
posed on it step by step. So it is not possible to construct the shape of 
Égure 101 directly from the two substructures, 10k and 10i. 

The proposed formulation of figure 101 is analogous to the construc- 
tion of a drawing of figure 10i made on a curved surface. The usual way 
to construct figure 101 is to draw figure 10i on a sheet and then to bend 
the sheet in а circular way. The drawn figure and the bending of it are 
the constituents of the formula. This is a good instance of our general 
hypothesis (which is discussed more fully in the last section of this 
paper) that the subprocesses in the construction of a shape 
to the units in the representation of the shape. The ™ operation also 
demonstrates the coding procedure for the formulation of two- and 
three-dimensional structures superimposed on three-dimensional shapes 
(see figure V in Table 1). 


Table 1. Examples of the perceptual coding language applied to two- 


and three-dimensional shapes + 


$һаре Formula Information 


3 (0) 0 


n=5 
۰(0 1 
п. (0) à: 2 
с = 
СРЯ (n-(0)){n-(0)} y 
n=5 ke 
or (B){B} 
D 


{ LI 2 
O O $a} (B) 
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Shape Formula Information 
E 
Е same as for D 
$ a {n-(0)} 2 
a = 90 deg 
tat (B) 
х E 
} a} ({n-(0)}{m-(0)}) 3 
[33 or fat((B),(B)) 
G 
$a} {n-(0)} 2 
H 
same as for G 
ga } a} {n-(0)} E 2 
a — 90 deg ог {a$ {B} 
I 
* а | 
ог 
] 
a,n-(0),0 2 
or aB 
K 
© [m-{(a),{n-(0)}}1f 4 
or [m-(D)]f 
L “mm 
6- (а) > 
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Sha pe Formula Information 
M 
((a) + [6 (2:3 (90) ] (n:(0)) 5 
or ((a)+[L}){B} 
м Qr 
E 3{(n+(=)(a)){n-(0)}} 5 
or - ~ ог 3((n(3)D)(B)) 
0 
n-(0),[6{+}(a)]{ 303} 
\ 101 
b,10t 5 
or B[L]jAj 
tA} 
[ЖЕЛ 
Р 
TA ECT. 
{ (a),{n-(0)} t 
See 
90,m-(0),0 4 
« С 
i 
Q PROX 
90,m:(0),0 
ws a 
} (a),(n-(0)}3 E 
or 


La) 


Shape Formula Informati 


CIN 


or 


{1-(0),90{ 
(90), § n-(0),90 t " 4 


10} 


ог 
(90)Е 
5-1 
B : 
o T 
ies 
(0)D 
—— 
ieee 
rid á 90,n+(0),0 
x (90),n-(0),0 3 
three-dimensional or J 
Qo 
S-3 
b ; T 
س‎ as 
(60)({n:(0)},{m-(0)}, (р-(0)), {q-(0)},{1-(0)})(b,c,d,e) 11 


lengths 


angles 
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Shape 


5-4 


à 


Formula 


P 


90,n-(0),0 
(90),n-(0),0 


( 


3 п-(0),90{ 


(90) $ n:(0),901 


(^) 9 (—) 
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Shape 


Formula 


Information 


U-1 


qe? D 
bey cy 


U-2 


$ 


VALUE NN. 
fat(n(0)) 
no ы эже 

КЕ а e 


ee ——з 
(90), $ (m«(0)) [2;(-)(90)] 3 
و ا‎ 


(90),k+(0) 
ج‎ IA 


ТЕ 
Lim (а), (п(0)) ) 1f ]*(|(45)]) 
ee eee НЬ, 


m ——— 
90,(0) a,m- (0) § 
—— 

or [K]*( 


(45)]) 


90,(0),D 


EN S 
190,(n:(0)) ¢ 
602 


а тас = جص‎ 


[m-((a),{p-(})1F 


90,0), 3 903 ({q-(0)} {r-(0)}) 
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_ Shape i Formula Information 
U-4 
Ven), (m Шушы os «90))]. 
са ый E Som о __ OOS 13 
U-5 


tat(m(0)) 


A E C45, (m«(0)) {=} 


° 


= Es 55 
| чн. 90,0), 0003090) t 11 
xd —_———=—=———--—-—- 

ог D 
Ея 
o | Ar OO) 
(00), FOF WOE 
V 
mu Өе" 
fa {nO 
Е 
s A (m: [T0.18090)1) 


(796-5, FOF 


{—90, § ((s,k)-(+)(@){mO)}$} == 


EE, 
kd 


[919] e 01290 15 
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Shape Formula Information 
үү 

им, =———=‹з 
ч У t (90),({n-(0)},{m-(0)}) § 
7 ти 
(90),s*(0) 
(cm 
vic" SE 
(90),r«(0) 9 
W-1 
f ат(0)} 
WIND! Pouf. 
wW 3 f9 [([(т,р)-((0,180)(90))|)] 9 
X 
8 1 


(290) Г 21 
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| Shape Formula Information 


Y 


390 ,((0)), 3 
(*90—5*(fp*(0) ) (0), € (Ke(a)({m-(0)}) t 
{(—90,%2n-(0), } 


—ÀÁ—— 
کج سے‎ 


(90 +f, —90)(t-(0)) (0,(—60),4-(0)) 


=", 
(90), (0) 
SSF 


((ш(1))/); $ 0004) 20 


4 
SS f= Геву 


We have become acquainted with examples in which combination 
tules have been applied vertically. Now we introduce an example in 
Which many combination rules (also vertically applicable) are applied 
horizontally, For a change, we employ an auditory pattern as our exam- 
Ple. Thus the series of values shown in the first line of Table 2 corre- 
sponds not to angles but to a pattern of heights of tone. By applying 
the coding language, the values successively obtained lead to the cod- 
Ing in the last line of Table 2, This is the shortest description of the 
Pattern—a pattern that continues much farther than is shown in the 
table, without any recurrence, The information units, shown by arrows, 
number 17, 

The pattern of tones with which we have just dealt suggests an in- 
teresting analogy. As we have seen, the basic element for the description 
9 two-dimensional shapes is the relative angle, which indicates how a 


ON "SIX REEL o ———— —————""-———X— 
Б aa aoe T а "A on SS —— = ت ا‎ m MES 


uonvuriojur 
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{Is‘{z'9)-2] (LES(T)-€)}uI ° ° CLSCHF EC SSFP Ee CsA) =) H 
fIs'(79)-c] (УТС °° «єт РЕ ЄС СР ee co)9))1 
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straight line is determined only if the previous straight line is known or 
determined. Similarly, for three-dimensional shapes a straight line can 
be determined, via the outerproduct, only if the two preceding straight 
lines, whose sequential order is also given, are known or determined. It 
seems, therefore, that it is not absolute data (be they tones or lines), but 
rather the elementary internal relationships ina perceptual system, that 
constitute the basic data for coding. In the two sections that follow, we 
attempt to derive, and then to test, some measures of these relationships. 


PROPERTIES OF THE CODING 


In general, more than one formal representation can be found for one 
pattern. However, no cases have been found where more than one short- 
est, or most efficient, representation applies. Since the coding system is 
based on efficiency principles, the shortest formula (the one with the 
least information content) is chosen as the correct representation. 


Information (I) 


The information content can be determined by counting the number 
of information units that occur in the formula. The value 0, and there- 
fore {0} and (0), are not information. The value n * (0) conveys one unit 
of information. However, when n • (0) corresponds to length and has 
already appeared in the formula, then the other л, (0) does not convey 
information. There is an explanation of this farther below. 

Every length or angle that differs from another in a shape corresponds 
to an information unit. The precision with which a length or angle is 
assimilated by a perceiver is beyond the scope of our theory, however. 
This type of dimensionless information about variation around a certain 
number can properly be estimated by the Shannon selective-information 
measure and is named the metrical information (M). Mackay (1950) dis- 
tinguishes M from structural information (I), which latter corresponds 
to the number of dimensions or degrees of freedom with which the pres- 
ent study is solely concerned. 

Although Cn is some tradeoff between I and M per dimension, 
there are indications that the transmitted M (total M) grows by in- 
creasing the dimensionality or logon content (Pollack and Klemmer, 

954). Whatever the interaction between M and I, the relative order 
of perceptual difficulty for different values of I is probably not disturbed 
M. For example, the number of patterns as identical or con- 
with each other increases with information content I (Handel and 
Carner, 1966). Let us assume that every structural information contains 
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a certain amount of metrical information, which is not perceptually 
transmitted, and that the set of patterns indiscriminable from a given 
pattern with information I amounts to about 2' * Y, Thus, the higher 
the I, the larger the inferred set; the relative perceptual difficulty is un- 
altered although M and I may interact. 

As the surface raw data for the measurement of a given shape's I 
value, we use heights or absolute angles (angles related to a constant 
base axis) or relative angles (angles between successive straight lines). 
The latter type of data is more useful because the representation stays 
invariant under rotation of the pattern. In that way the coding is most 
isomorphic to the outside world, because the physical objects are in 
general not deformed in vision by a rotation of themselves or of the vis- 
ual system. It is for this reason that we also assume that every angle is 
connected with the same (‘grain,’ or elementary) lengths. In this pref- 
erence for relative angles, the coding system differs from the normal 
mathematical description of functions, in which the relationships be- 
tween the projections of the figure are described with respect to an un- 
changing base axis and where it therefore makes sense to use length 
units on the base axis. For our purposes, however, absolute angles are 
useful raw data only when they produce a more economical descrip- 
tion—when a figure is superimposed on a redundant curved surface, for 
example. Heights are used as raw data in analogous cases for simi- 

reasons. 

Changing from one level to another level of starting values without 
the change being reversed corresponds to one information unit. For the 
change from relative angles to absolute angles, one information trans- 
formation, J, is required. Also, the step from absolute angles to heights 
corresponds to the information step sin f.3 A special case occurs in а 
part of the representation of figure Z in Table 1, in which a circle is 

to an ellipse. For reasons of economy, the circle is ex 
pressed in relative angles. By two steps the relative angles are changed 
to heights. These are enhanced with a certain factor (2 in this case), 50 
that the circle is transformed to an ellipse. Then the heights are changed 
backward by the reverse of the same two steps, so that the ellipse i$ 
again expressed in the original relative angles. These two inverse trans- 
formations annihilate, however, the first two forward transformations 
and therefore annihilate also the corresponding units of information. 

Another example is the transformation series J n /—1. The first. 
changes the relative angles to absolute angles. The n stretches all grain 
lengths into n X ‘grain’ lengths of the sides of the patterns. The J 9? 
nihilates the otherwise-counted information, which corresponds (0 f 
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‘For this reason, only one information corresponds to the lengths of the 
sides when they are the same. Therefore, no information 

to the length coding n * (0) when this value has already been introduced 
in the formula. 

The question now arises as to why the integrated relative angles are 
pot used as starting values. In other words, why does a step from heights 
to absolute angles or from absolute angles to relative angles differ from 
the step from relative angles to integrated relative angles? The answer 
is that the first two steps correspond to a displacement and a rotation 
Tespectively, transformations under which the representation of patterns 
Š invariant, whereas the step from relative angles to integrated relative 
angles corresponds to a transformation under which invariance of form 
is not preserved. For example, consider figure K in Table 1, a figure 
Which can be efficiently expressed by integrated relative angles. This 
figure can be regarded as a circular wire, successively deformed by in- 
creasing forces. This transformation corresponds to a real physical de- 
formation, while a displacement or a rotation usually keeps the physi- 
eal qualities of an object constant. Since—and because of the way in 

у ur theory assumes that the perceptual laws are derived from 
Physical laws, an information unit has to be assigned to this trans- 
formation. 

This last illustration can be clarified, although the theory underlying 
it must wait until the last section of the paper. Suppose that the sensori- 
Motor system makes a rotating movement and suppose that this move- 
ment is adjusted so that the final movement results in figure K. Then 

movement corresponds to the scanning movement of figure K. How- 
ever, the adjusting movement from circle to figure K evokes in the sen- 
Sorimotor system the same deformative forces that are necessary to con- 
struct a wire shaped like figure K from a circular shape. The forces that 
ате involved in the construction of this physical object are thus the very 
that are evoked in the sensorimotor system; and one information 
unit is assigned to the transformation (see Table 1, figure K, where the 
tion transformation applied to relative angles corresponds to that 

Опе information unit). 


Similarity (s) 


_ Another quantity that can be derived from the coding system—a quan- 
tity very directly related to information—is the similarity or difference 
between patterns. The difference, which we here call d, -— be found 
by counting the number of necessary transformations applied to one 


| 
| 
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figure in order to produce another figure. This d is used as a measure of 
the error in copy tests. When one pattern is not derived from another, 
a convenient symmetric measure is the relative difference, 


d 
I, ap I, =s" 
Here I, and I; are the information content of the two figures, The sym- 


bol s here refers to the number of common information units. 
A definition can be proposed, namely, that relative similarity 


D = 


Y E 
"m I it 1, =g" 

It is reasonable to assume that all the possible information units inside 
the two patterns together consist of only d or s type transformations. 
Therefore, I; + I; — s = d + s and D + S = 1. Probably it is easiest 


to estimate d, I;, and Is, from which D can be derived and then S from 
S=I-D. 


Hierarchy (H) 


The drawback of the S measure is that it ignores the kind of differ- 
ences between information units and their relations to each other, a 
drawback which limits the measure’s meaningful applicability. Some 
transformations, however, considerably reduce the length of a formula; 
when they are not used in the representation of a pattern, the length of 
the formula is very much greater than when they are. And these trans- 
formations seem to be hierarchically related to their arguments. De- 
fining hierarchy as irreversible dependency, we can then specify its 
amount by the information minus the number of unsubordinate rela- 
tions. Thus figures 11a and 11b contain the same information (I = 12 


S 


Па ПБ {= 


units) but differ with respect to hierarchy (H — 10 and 6 units respec 
tively). That is, for figure 11a the representation is 


i 


PERCEPTUAL CODING 335 


(4 (R(((2-((3-(1)) iru Xe) 


X = 90, —90 H-12—2-10 
T 


whereas for figure 11b it is 
((/2,1,3,2,4,1 ^ (R(3- (90, —90) ) })(90))(n-(0)) 
TTTTT Т 
H=12-—-6=6 
Hierarchy plays a very important role in the perception of figures. 
The theoretical weakness of this H quantity as a measure of regularity 
is, possibly, that it does not account for the differences in information- 
reduction strength of the various H relations, That is, some H relations 
reduce certain formulas more than do others. These differences are ex- 
Pressed in the redundancy formula below, where the numerator is in 
effect identical to a summation of the H relations weighted by their 
reduction strengths, 


Redundancy (R’) 


Redundancy is defined by 
Imax — I 
R = 
I max 


where I max is the number of raw data elements and I the information. 

For example, for the sequence 0, 1, 2, 3, 4, 4, 3, 2 , 1, 0, represented by 

RD) T moe — 10 and I = 4, so R’ = 6/10. However, this mea- 

sure is rather unstable with repetition. Suppose the given sequence is 

repeated five times, Then R’ = 9/10. For all visual patterns, this measure 

is around the value 1; it is therefore not discriminative, in contrast to 
е hierarchy measure, 


> 


Substructure (G) 


A representation of a pattern can be divided into groups of transfor- 
mations, in such a way that between these groups H relations exist. A 
Stoup may also contain H relations within it. These groups of transfor- 
mations correspond to substructures of the pattern. Two points ought 
to be noted, for they will be important when we come to evaluate the 
Perceptual phenomena discussed in the next main section. First of all, 
the structure of the formula, and therefore the nature of the subpatterns, 
5 determined by efficiency principles and not by the subpatterns dis- 
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cernible in the pattern. Second, the number of subpatterns possible is 
the most efficient representation of a pattern is extremely limited is 
comparison to the number of all possible divisions of the pattern into 
subpatterns, For example, figure 12a contains subpattern 12b. But sub 
pattern 12b is an arbitrary one and is therefore not identical to the hier 
archical subpatterns of figure 12a, which can be fou» | by looking in 
Table 1. There the representation of figure 12a (S-4) contains capital 


letters that refer to subpatterns represented in the same table; these 
latter are the hierarchical subpatterns of the figure. 


Hierarchical order (О) 


Another aspect that must be mentioned is the hierarchical order of 
the subpatterns. For example, figure 13a has subpatterns 13b, 13c, and 
13d. These three correspond to the three formula; (from top to bottom) 


ЭБ 


I3c 


Б) 


that are given for the same main pattern as it is shown in Table 1. That 
the hierarchy between substructures is not arbitrarily reversible can be 
M. by comparing figures P and Q of Table 1, where the order of hier 
archy is mirrored in the coded representation in the way that the зире 
structures are placed in the upper left of the formulas. This is because 
the superstructures contain the parameters of the substructures 


need, therefore, to be solved first in reconstructing the figures from 
formulas. 


PROPERTIES: EXPERIMENTAL AND 
PHENOMENAL EVIDENCE 


"The experimental applications are described in this section in about 
@ same order as the description of the properties of the coding system: 
irmation, hierarchy, substructures, and then the hierarchical order of 
tures. These applications subsume the remaining properties. 


nation (I) 


"ie memory as a function of the information presented, 15 subjects 
e asked to copy eight three-dimensional pictures, The information 
ent ranged from I = 8 to I = 22, with intervals of 2 units. In these 
Patterns, 50% of the transformations were hierarchical, for reasons that 
Will later become apparent. Each subject was shown four patterns for 
0 sec each and then was required to draw the pictures from memory. 
he drawings were compared with the original patterns and the num- 
bers of difference transformations (d) were calculated. The average d, 
error, correlated with I at = 84. a oU 
only the absolute amount but also proportion 
tected by I: the proportion of error, d, increased gradually from 0% 
103096 as I went from 8 to 22. However, there was a positive correla- 
qT = 87, between transmitted information (I — d) and I itself. So 
sete is no evidence for a maximum information capacity. Rather, the 
bunt of information transmitted depends on the керш of stimulus 
mation, at least for the stimulus values studied 
°› à very complicated pattern (I ~ 250) was displayed to three 
of 10 subjects each for 30, 60, and 190 sec. The average gos 
information (1 — d) here was 30, 60, and 106 respectively. 
Үз high level of hierarchy was, as will become apparent, very 
ht to memory. 1 
“nally, the кезе evidence suggests that the dimensionality of 
Sures follows from the efficiency principles underlying the a. 
“ure. Figure 15a is interpreted as a two-dimensional figure ra 
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than as a three-dimensional one (Hochberg and McAllister, 1953). This 
can be explained by the different amounts of information of the different 
interpretations: as a two-dimensional figure, it contains but two infor- 
mation units (see figure R, Table 1); as a three-dimensional figure, it 
contains four information units. The reverse is the case with figure 15b: 
as a two-dimensional figure, it contains nine information units: as a 
three-dimensional figure, it contains only four units of information (see 
figure 5, Table 1). So the efficiency principles also explain the phenome- 
nal preference for the three-dimensional interpretation of figure 15b. 


ISo [5b 


Auditory information (I) 


This discussion starts with the binary auditory patterns (Table 3) con- 
structed by Royer and Garner (1966). The response-defined measure of 
complexity they developed consists of the uncertainty of the onset of 
the response patterns, Vitz (1968) developed the H(run-span) as a mea- 
Sure of complexity of sequential patterns. The H(run-span) is the un- 
Certainty of the runs in one period of a pattern. This measure correlated 
‘2 with the onset certainty for the patterns in Table 3. The present 
Measure of complexity (I) correlated .82 with the response uncertainty 
for the same patterns, Thus whereas the proposed coding system ac- 
counts for more complex patterns in which hierarchy is involved, the 
Patterns in Table 3 were probably so simple that the overriding con- 
sideration here was metrical information, to which response uncertainty 
and H(run-span) are both applicable. It is still largely within the са- 
Расу boundaries of the listener to code the runs of the patterns as units, 
without further accounting for the relationships between them. Indeed, 
this type of coding is assumed in the Vitz model (1968). 

Table 4 contains more complicated auditory patterns. The numbers 
at the left of Table 4 correspond to tones between which the intervals 
are perceptually indentical. Predictability judgments were obtained on 

65e ‘tunes’ from 24 subjects, who were asked to listen and to under- 
Stand the musical patterns in such a way that they could extrapolate 
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Table 3. Simple auditory patterns, from Royer and Garner, 1966 


Pattern 
(one period) Formula Information 
1,0, 1,0, 1,0,1,0 31,05 2 
1, 1,0,0,1,1,0,0 $2-(1,0)$ 3 
1,1, 1,0,1,1,1,0 ${3+(1)}(0)§ 3 
LUZLLLLO $(7-(1)}(0)} 3 
1, 1, 1, 1,0, 0,0,0 $4-(1,0)} 3 
1, 1, 1, 1, 1,0,0,0 $5+(1),3-(0)} 4 
1,1,1,1,1,1,0,0 16-01),2-(0)} 4 
1,1,1,0,1,0,1,0 $(3,1,1);((1)(0))} 5 
1, 1, 1,0, 1,0,0,0 $ (3,1,0,0);((1)(0))} 6 
1, 1, 1, 1,0,0,1,0 $(4,0,1);((1)(0))} 5 
1,1, 1,1, 1,0, 1,0 $(5,1);((1)(0))$ 4 
1,1, 1, 1,0, 1,0,0 $ (4,1,0);((1)(0))$ 5 
1,1,1,1,0,1,1,0 $ (4,2)3((1)(0))$ 4 
1,1,1,0,1,1,0,0 $(3,2,0);((1)(0))§ 5 
1, 1,1,0,0,1, 1,0 1(3,0.2):((1)(0)) 5 
1,1,1,0,0,1,0,0 §(3,0,1,0);((1)(0)) § 6 
1, 1,0, 1,0, 1,0,0 §(2,1,1,0);((1)(0))§ 6 
1, 1, 0, 1, 0,0,1,0 $(2,1,0,1);((1)(0))3 6 
1, 1,0,1,1,0,1,0 5 


§(2,2,1);((1)(0))} 


the patterns, The time between the onset of the pattern and the тю" 
ment at which the subject claimed he understood the pattern was mea 
sured. The correlation between these average ‘understanding’ times à 
the information (7 ) of the patterns was .86. The correlation between the 
understanding times and the Vitz H(run-span) measure was .62. — 

Unfortunately, the proposed coding language is without doubt in- 
appropriate for music. This can be made clear by looking at the struc 
tures of some famous melodies from the viewpoint of the proposed ler 
guage; no aesthetic principles emerge. Attempts of the type by Simo? 
and Summer (1966) are more appropriate to the understanding of | 
sequential aspects of music. Their approach derives from musical 00» 
whereas the proposed coding language originated in the analysis of vis 
ual patterns and has so far been defied in its attempt to code music. 
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Hierarchy (H) 


The relation between hierarchy and memory was examined using 
eight patterns varying in hierarchy (Н = 3 to 10, see figures 16a-16h), 
Information content was constant at I = 17. Each subject was shown 
four patterns for 30 sec each and was then required to draw the pic- 
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tures from memory, After this test, the drawings were compared with 
the originals and the numbers of difference transformations (d) were 
calculated. The average error, or d, correlated —.83 with H, and H 
thus correlated + .83 with remembered information. 

This result does not follow from considerations up to this point. 
Rather, it is what is to be expected if the raw data (I max) are kept 
constant, for then the more the hierarchy, the less the information. 
Here, however, it was the information (1) that was kept constant, and 
hierarchy still showed a considerably favorable effect on memory. With 
I constant, this effect could not have been due to superior processing 
of redundancies, for the I measure itself excludes these repetitions. 
Something else was happening, It should be clear now why the amount 
of hierarchy was kept constant in some of the other experiments, _ 

In another experiment, descriptions of the eight patterns and verbal 
judgments of their complexity were collected from the same 15 subjects. 
There was no clear correlation between the length of the subjects’ de- 
scriptions and H. However, the correlation between I and the length 
of the descriptions was .86. There was no clear correlation between 
judged complexity and H. So H and I are clearly independent aspects. 

From all these results it seems reasonable to hypothesize that more 
spontaneous attention is directed to the more hierarchical transforma- 
tions in a pattern. Since H and I both have powerful effects on memory, 
one might still suspect some common aspect, but the phenomena de- 
scribed in the section immediately below clearly show that H and I 
as here defined are independent. 


Substructures (G) 


The point that is now discussed may appear trivial, but it gives the 
best evidence for the analogy between the coding language and the 
human coding system. The patterns theoretically derived from the effi- 
“ncy principles are exactly those subpatterns that are spontaneously 
distinguished in perceiving the patterns without any special context. 

his means that the subpatterns easily detectable in the patterns (ie, 
the perceptual constituents of the patterns) correspond to the theoreti- 
cal subpatterns, These theoretical subpatterns are the groups of trans- 
“mations shown at those entries in Table 1 where the groups are re- 
Placed by capital letters that refer to previous, more simple patterns; 
one can easily verify, by inspecting the table, that these simpler figures 
are the Perceptual components of the more complicated patterns. The 
Subjects" descriptions of the patterns in figure 16 also clearly contained 
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these substructures as psychological units, and their judgments of per- 
ceptual similarity and their classifications of figures were mainly deter- 
mined by the presence of common subpatterns. 

Given that three-dimensional patterns are perceptually interpreted 
as hierarchical combinations of simple two-dimensional patterns, then 
the experimental evidence for two-dimensional patterns ( Leeuwenberg, 
1968 ) implies the experimental evidence for three-dimensional patterns. 


Hierarchical order (O) 


Twenty figures, together with their constituent substructures (for an 
example, see figure 13), were given to 20 subjects. The last substruc- 
tures were given in a random order, Nearly all subjects were able to 
indicate which structures were functioning as superstructures and which 
as dependent structures, except for figures that consisted of patterns on 
a curved surface. These last are indeed ambiguous as far as hierarchy 
is concerned, 


ELE 


The main component of the aftereffect of figures 17a and 17b ane 
Mackay) can be explained by the coding procedure. The coding of Ii 
implies a rotating sequence of observations (see the sketch above the 
pattern). Likewise the coding of 17a implies not only a rotating but also 

à centrifugal sequence of observations (see the sketch above this pat 
tern). The movements, which are perpendicular to the lines in the fig- 
ures, are visible in the aftereffects of the figures. There is another way 
in which pattern 17b can be coded by a rotating sequence of observ, i 
tions, but this way would produce seven information units instead O | 
the more efficient four, 
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A THEORY FOR THE CODING 


We now attempt to bring together some a priori arguments for the 
correctness of choice of the proposed coding rules. This attempt will, 
however, be of a very noncommittal, speculative nature. 

We shall start this way. It seems reasonable to assume that the visual 
system predicts what will be touched when a perceiver approaches an 
object. The visual system also warns the perceiver against possible in- 
jury. Therefore, knowledge of the forces in the environment is of vital 
importance, Now, the system that is most appropriate to assimilate these 
informative forces is the system that expresses the incoming informa- 
tion in terms of deformative forces—the sensorimotor system. Indeed, 
we might say that the possible ‘deformation’ of a perceiver by an object 
can be directly derived from the deformations in the sensorimotor sys- 
tem that scans the shape of that object. So we assume further, on this 
admittedly a priori basis, that the coding rules of visual perception are 
based on the coding rules of sensorimotor perception, and not the re- 
verse. This notion is also in accordance with Pavlov's interpretation of 
the development of the brain, and therefore the visual system, as a sec- 
ondary signal system, conditioned by a ‘lower’ information-processing 
System. 

If our assumptions are correct, the visual ‘analysis of shape’ has to be 
expressed in the type of information in which the sensorimotor system 
codes the shape of an object, namely, in terms of the sequence of defor- 
mations that occur in the scanning system as it moves along the shape 
of an object. In other words, the structure of objects must be expressed 
by the visual system as movement and deformation. 

However, this expression must also be efficient. This means that only 
the features that contain no repetition (are not redundant, and are 
therefore not predictable) may be used. This in turn means that the 
coding rules themselves must be efficient. The greater the number of 
features that can be predicted, then the smaller the number of rules re- 
quired to predict them; and the less the rules are themselves predictable 
from other rules, the more general the rules, So the most general rules 
are the most efficient ones for the coding system. These rules have to 
арріу to the objects to which the visual system is directed. In other 
Words, they must be based on the natural laws that play a part in the 
Structure of objects. On the other hand, these laws describe the course 
of Movement, as we have already noted. This implies that the motion 
SS that Play a part in the structure of objects must answer to the 
Coding rules, Let us proceed on that basis. 


The question now is how we are to conceive of motion laws b i 
involved in a form that is not of a dynamic nature but, rather, preem 
nently static, The only way in which this can be understood is to regas 
the form of an object purely and solely as the resultant of a dym 
forming process. This physical forming process of an object 
imagined as a step-by-step sequence of more or less integral, d 
interactions with other objects, in such a way that every deforma 
movement has an effect on the result of the previous deformations, ch 
of these dynamic interactions may be described by the motion laws 

, we represent the form of an object as the succession 
motion laws that have been involved, consecutively, in the growth: 
that form. As a conclusion, we state that visual encoding is the most 
probable reconstruction of the physical history of an object, where 
the information units correspond to the series of motion laws ental 

If this conclusion is correct, one would expect the i /formational tran 
formations (n, f, R) to be in accordance with Newton's laws of m 
As regards their number, three, there is indeed agreement. (The 
transformation can be reduced to the R transformation.) As regards ё 
content of the laws and the transformations, there is, in our op 
also a correspondence. We now attempt to make this corresponden 
plausible, although we admit that tolerance and perhaps some fant 
on the part of the reader would be highly appreciated. р 

The first law of motion, in brief, reads: Given а body in motio 
continues with the same motion until a counterforce acts on it. I 
remote sense, this could be expounded as: If a certain process (eg 
printing of copies) has been initiated, then its continuation, or iterati 
is expected. A stop to this process is unexpected and therefore in 
tive. Thus the limitation of a given datum corresponds to one in 
tion unit. And when a number limits a certain dimension, the n 
corresponds to an information unit. 

The second law of motion reads, in brief: The exercise of à € 
force оп an object is reflected in a constantly renewed additior 
certain velocity to the object’s given velocity in the preceding mo 
In other words, the invariance of force is expressed only if diffe 
appear between velocities at each pair of consecutive moments of 

The integration transformation, J, discloses these differences. The! 
this transformation might then, considering its use in this natura 
be regarded as justified. Since this transformation is but one of thet 
formations that might be chosen, since it therefore has alternati 
must correspond to an information unit, 

The third law of motion states: Action is equal to reaction. He 
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action presupposes a force oppositely directed to the force of the action. 
To what degree this law is responsible in the construction of objects for 
the symmetry appearing in the final shape of objects is not quite clear, 
In any case, the law itself contains a symmetry that may justify the use 
of symmetry as a coding rule. The information unit should not be al- 
lotted to the structure that occurs in symmetrical form, but to the fact 
that there is a certain instance of symmetry. 


The basic assumption is, again, that the perceptual coding language 
owes its rules to physical laws of the objects. The visual system refers 
to the shapes of the objects in the environment of the perceiver. To what 
aspect of the environment does the auditory language refer when it 
codes sequences of tones? For an answer to this question, the meaning 
of tone sequences in the environment of the perceiver has to be more 
closely analyzed. Now, tone sequences are usually produced by other 
living systems and not by inorganic processes. This makes it probable 
that sounds are not appropriate for the neutral description of situations 
but rather for the expression of those situations insofar as they are rele- 
vant to living systems. Hence, sounds form the language for the way in 
which outside situations are received and interpreted by living systems. 

In other words, sounds form the language of feelings, emotions, and 
their derivations. Clearly, as the world of neutral objects is different 
from the world of feelings and emotions, the proposed coding language 
is not entirely applicable to auditory patterns. That it applies to a cer- 
tain extent is because there is a certain overlap between the neutral ob- 
jects and their interpretations for a living system. In any case, in order 
to make an appropriate coding language for sounds, it would be neces- 
“and = to analyze and categorize feelings, emotions, and their under- 
ying drives, 

Finally, since the number of visual patterns that can be stored in long 
term memory is so extremely large (Shepard, 1967), the coding for 
these visual objects is based on efficiency princi, Consequently, the 
coding system is applicable only to long-term storage. In contrast to 
the long-term capacity stands the very limited amount of putes that 
can be assimilated at the same time or evoked in the imagination. So 
the imaginal representation is, in content capacity, quite different еч 
ng term memory. Hence the imaginal rE must be dif- 
“rent from the long-term coding (Moran, 1969). 

Suppose, in pes. to clarify this last point, that a subject is n 
‘Pecify the shape of an intersection of an ellipsoid and a certain flat 
Surface, He cannot solve the problem before making an image of the 


two shapes. Analogously, it is impossible to derive directly, in a 
matical way, the solution to this problem given only the fe 
the two shapes. Only when the ellipsoid and the surface are constru t 
from the formulas is it possible to see what their intersection looks 

From this analogy it seems reasonable to assume that the reconstruct 
of patterns from their long-term formulas occurs in image space, Th 
image space must be analogous to the real three-dimensional space, 
other words, the elementary ‘grains’ of the image space must correspon 
one-to-one, to the points in the space in which real shapes exist. So 

image contains much less information but (Attneave, 1964) represen 
the information in a much more developed, demonstrative, and the 
fore more redundant way than the long-term memory. 


Notes 
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1. The direction of the outerproduct is orthogonal to the surface constitute 
by the two last angles, in this case, 14 and 67 deg. However, 
two now. To know which is the intended one, it is n 
to place a screwdriver orthogonal to the mentioned surface and to. 
it in accordance to the 14, 67 deg rotational orientation. The dire 
Which the screwdriver moves, when it is turning around as dese 
the direction of the outerproduct. 

2. Although the interaction between metrical information (M) and 
tural information (1 ) does not disturb the structural-information 
sures, it is still safer to reduce M as much as possible. The expe 
discussed below were, we hope, liberated from M by keeping 

values on every dimension. Also, information was derive 
drawings by accounting only for the rank values of 
angles and ignoring absolute variations. ( 

3. The arguments of this function are on the left-hand side. For exam 
fe.) sin f = (sin a, sin b, sin c) f = 0, sin a, sin a + sin b, sina 
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RECOGNITION MEMORY FOR 
PHOTOGRAPHS OF FACES 


Ruth Ellen Galper and Julian Hochberg 
Yeshiva University and Columbia University 


Recognition memory was compared for faces seen in positive, in negative, 
and in two different expressions. Pure pattern characteristics plus those 
properties that differ in smile and resting state cannot fully account for 
the accuracies obtained. But the characteristics that differ in smiling and 
nonsmiling expressions did play some role in recognition, which suggests that 
expressional variation offers a technique for investigating the properties by 


which faces are discriminated and remembered. 


Hochberg and Galper (1967) demonstrated that although subjects 
can recognize still photographs of faces with surprising accuracy, recog- 
nition is significantly poorer for inverted faces, a finding corroborated 
recently by Yin (1969). Galper (1970) found that recognition accuracy 
was also impaired when photographs of faces were presented in nega- 
tive. These results indicate that recognition accuracy for faces is better 
than for patterns of identical geometrical complexity (ie. the inverted 
or negative photographs) and that this superiority rests at least in part 
on information that becomes inaccessible when a photograph is inverted 
or its brightness relations reversed. 

More subtle (and more natural) transformations may also affect face 
recognition, to the extent that viewers rely on those characteristics that 
are altered by changes in expression. If viewers could not identify which 
of two different expressions of the same person was previously pre- 
sented, this would be evidence that those changes in pattem associated 


> 


of an expressional variation (resting state versus smile) on recognition 
accuracy, and compared that effect with the accuracy obtained using 
Previous procedures. 
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METHOD 


—Subjects—One hundred and three (52 male, 51 female) undergraduate 
students at New York University served as subjects. 


—Materials—Thirty-two photographs of females were selected at random 
from a college yearbook, after those with glasses or distinctive clothing or 
backdrop had been excluded. These pictures were then rephotographed and 
prepared as 35-mm slides. Half the photographs, chosen at random, were 
prepared in positive; half were prepared in negative. In addition, each of 
eight female models, ranging in age from 21 to 25 years, was photographed 
twice, once with a relaxed, unsmiling expression, and once with a full smile. 
(All photographs were full-face.) These 16 photographs were converted (in 
positive) to 35-mm slides. The head-to-field ratio and the brightness and con- 
trast properties of the photographs of the models were carefully matched to 
those of the yearbook photographs, so that there was no discernible difer- 
ence between the slides from the two sources. 


—Procedure—The subjects, tested in groups of 30 to 35, were asked to view 
an inspection series of 24 slides with the aim of later being able to identify 
those pictures as having appeared in the series. Five days later, they viewed 
a test series of 24 slides, each of which showed a picture from the inspection 
series paired side-by-side with a picture not previously seen. The subjects 
indicated, for each test-series slide, which picture they recognized from the 
inspection series.! 

The expressions of the faces in the inspection series varied only along the 
continuum from "neutral, or resting state, to full smile, with approximately 
half of the faces representing these extremes. Set A presented eight faces in 
Positive, with expressions varying from resting state to full smiles; set B pre- 
sented eight faces in positive, with four faces in the resting state and four in 
full smiles; and set C presented eight faces in negative, with expressions 
varying from resting state to full smiles, The sequence of presentation was 
semirandomly determined, with the restriction that no more than two suc- 
cessive faces be from the same set. Each slide was exposed for 7 sec, with 

-sec intervals between slides, 

There were three conditions in the test series. In the positive two-person 
condition, eight slides were presented in positive, and each slide consisted of 
a face from set A paired with another person not previously seen. In the two- 
expression condition, eight slides were presented in positive, and each slide 
consisted of a face from set B paired with another view of the same stimulus 
person bearing an expression (resting state or full smile) different from that 
Which had appeared in the inspection series. In the negative two-person 
condition, eight slides were presented in negative, and each slide consiste 
oe face from set C paired with another person (in negative) not previous y 

The sequence of presentation of test-series slides corresponded to that in 
which the previously seen faces had been viewed in the inspection series. 
Pairing was such that the correct answer was ‘right’ for half of the slides in 
each condition, and ‘left’ for half. Each slide was exposed for 7 sec, wit 
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3-sec intervals between slides. It should be noted that the subjects were given 
no specific information, prior to viewing the inspection series, on the nature 
of the recognition task. The word ‘picture’—rather than ‘person’—was con- 
sistently employed in the instructions, so that the subjects were neither syste- 
matically biased to expect either intra- or interperson comparisons, nor tech- 
nically deceived by the instructions. 


RESULTS 


The mean number of errors in the positive two-person condition was 
88; in the two-expression condition, 1.91; and in the negative two- 
person condition, 2.58 (see Table 1). These error scores were compared 


Table 1. Means, medians, and standard deviations of error scores 


Condition Mean errors Median errors SD 
Positive two-person .88 13 2.01 
Two-expression 1.91 1.39 2.62 
Negative two-person 2.58 2.00 2.88 


with the error score of 4.0 that would be expected on the basis of chance 
(z = —28.3636, — 13.9333, and —10.1429, respectively; p < .001 in 
all cases). The results of the analysis of variance of the error scores, 
after square-root transformation, are given in Table 2. 


Table 2. Summary of analysis of variance of transformed error scores 


Source SS df MS F p 
Conditions 14.66 2 7.33 66.64 < .001 
Subjects 27.51 102 27 2.46 < .005 
Residual 21.32 204 М 
Тош] 63.49 308 


A Duncan new multiple-range test was applied to the differences 
between each of the three possible pairs of means. It yielded highly sig- 
nificant differences (p < .005) for each comparison. 


DISCUSSION 


As in earlier studies involving a variety of stimulus manipulations 
(Hochberg and Galper, 1967; Galper, 1970), recognition AC ACD 
'e present investigation was significantly better than chance in all con- 
tions, Recognition accuracy in the two-expression condition, however, 


was relatively poorer than that in the positive two-person conditio 
and the negative two-person condition was poorest of all. Bee 
recognition accuracy in the negative condition was significantly poo 


—that is, without reference to responses made to the faces as f. 
cannot account for the degree of accuracy obtained in the other two 
conditions. The fact that recognition accuracy in the two-expression 
condition was lower than in the positive two-person condition, 
higher than in the negative condition, indicates that faces are not 
membered and recognized solely by the combination of those cha 
teristics which survive in negative (e.g. face shape, hair style) 
those which are altered by the expressional variation used here. 
The fact that accuracy in the two-expression condition was sign 
cantly better than chance (and better than that in the two-person nega: 
tive condition) indicates that the expressional variation does alter as 
pects of the stimulus pattern which are used in remembering face 
that the characteristics which differ in resting state and smile play som 
role in face recognition. Further manipulation of expressional variation 
thus appears to be a promising means of determining the nature of th 
information on which face recognition is based. 


2. А preliminary version of this experiment, using 23 subjects, an inspection 
series of 35 faces, and a test series of 16 faces (all in positive), yieldet 
results entirely consistent with these findings. Recognition memory in the 
two-expression condition was significantly better than chance (t = 950 


UT io pibe lower than in the two-person condition (t= 
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TACHISTOSCOPIC HEMIFIELD EFFECTS 
WITH HEMIFIELD REPORT 


Max Coltheart and Barbara Arthur 
University of Waterloo, Canada 


When subjects were postexposurally cued to report either the left or right half 
of a centrally fixated row of letters, and the exposure duration was short 
enough to preclude scanning by eye movements, there was no hem 

ority in accuracy of performance. The finding is evidence against the view that 
briefly exposed, centrally fixated letters are processed from left to right. 


Heron (1957) found that when a row of letters is displayed tachisto- 
scopically with the subject fixating in the center of the row, more letters 
àre correctly reported from the left of the fixation point than from the 
right. He also found that if all the letters in the display are on one side 
of the fixation point, performance is better when the letters are to the 
right of the fixation point than when they are to the left. 

Heron proposed that both findings could be explained in terms of a 
Property of the process involved in tachistoscopic recognition, namely, 
that it proceeds from left to right. With central fixation, the letters to 
the left of the fixation point will benefit because they will be processed 
first. With fixation at one end of the row, performance will be worse 
when fixation is to the right of the letters because the left-to-right scan 
cannot begin until after attention has skipped to the leftmost letter; if 
fixation is to the left of the letters, the scan can begin at once. ) 

_ Coltheart and Merikle (1970) argued that the left-hemifield superior- 
Чу obtained with central fixation could be due to the left-to-right order 
of report normally adopted by a subject (Bryden, 1960), rather than to 
the existence of a left-to-right scan. They showed that under conditions 
Where order of report could not produce a bias favoring one of the two 
Visual hemifields, the left-hemifield superiority no longer occurred. They 
Concluded, therefore, that briefly displayed and centrally fixated rows 
of letters are not scanned from left to right and that the results previ- 
ously used as evidence for the existence of such a left-to-right scan were 
Че instead to the left-to-right report order used by the subjects. 
is explanation of hemifield differences in terms of order of report 
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does not apply directly to experiments in which letters are exposed in 
only one hemifield at a time. Order of report, however, still may be im- 
portant in this situation. For example, if the subject attempts to report 
in a left-to-right order under these conditions, he will find it more diffi 
cult to do so when the letters are presented to the left hemifield, be- 
cause here the letter he wishes to report first will have been presented 
rather far from the fovea and hence will be difficult to see. When the 
letters are presented to the right hemifield, the letter he wishes to report 
first will also be the letter closest to the fovea—the letter he sees best. 
It remains to be seen whether this explanation has any force; the situa- 
tion will become clearer after the completion of research (now in prog- 
ress) using partial-report techniques with letters presented to one visual 
hemifield. 

One useful technique for investigating these issues is to present mate- 
rial in both hemifields but to require report of the material from only 
one hemifield, specifying which hemifield after stimulus presentation to 
prevent the subject’s favoring the cued hemifield during presentation 
(by attending to it selectively or by changing his fixation). This tech- 
nique was used by Fitzgerald and Marshall (1967). In their experi- 
ments, a row of eight letters was presented for 300 msec, with fixation 
in the center of the row. At the offset of the letter row, a tone was pre- 
sented for 40 msec. A high tone meant that the subject should report 
only the right four letters; a low one, the left four letters. A full-report 
group was also run; for them, four letters were presented, two on each 
side of the fixation point, and each subject was asked to report as many 
of the four as possible. 

Fitzgerald and Marshall found that their partial-report group Te- 
ported the letters to the right of fixation more accurately than those to 
the left. They correctly point out that this is inconsistent with Herons 
postulation of a left-to-right postexposural scan. If the left-hemifield 
superiority observed under full-report conditions with central fixation 
were due to the existence of an automatic left-to-right postexposur? 
scan, a left-hemifield superiority should also have occurred under Fitz 
gerald and Marshall’s partial-report condition, because by the time the 
scan reached the right-hand letters their representation in the fading 
visual trace would have partially or entirely decayed. 

Fitzgerald and Marshall then proposed instead that the point zi 
which the left-to-right scan begins was under the control of their post 
exposure cue, so that their subjects were only shifting attention to ^ 
left-hand end of the row when cued to report the left-hand four letters 
When cued to report the right-hand four letters, the scan could bes? 


«a 


HEMIFIELD EFFECTS 357 


immediately. They also suggested an alternative interpretation: that the 
scan always begins at the leftmost letter but has reached the right-hand 
letters at the time of the postexposure cue, and that it is this which 
favors the right-hand letters. This alternative seems scarcely intelligi- 
ble. What is meant to be the status of the left-hand letters at the time 
of the cue? The fact that they have already been scanned should favor 
them, unless Fitzgerald and Marshall are suggesting that the subject 
has to go back and rescan them if the cue asks for the left-hand letters. 
Furthermore, if it takes 300 msec for the scan to reach the right-hand 
letters, one would not expect increases in exposure duration beyond 
50 msec to have almost no effect on amount reported (Sperling, 1967 ). 
Also, why did they obtain a left-hemifield superiority with the full- 
report group if there is a scan from left to right and the most recently 
scanned items are best reported? 

At any rate, both of the interpretations considered by Fitzgerald and 
Marshall depend upon the existence of a left-to-right postexposural scan- 
ning process. As is mentioned above, the existence of such a process has 
been challenged by Coltheart and Merikle (1970). If this challenge is 
to be taken seriously, an attempt must be made to explain Fitzgerald and 
Marshall's results in some other way. That is the purpose of our paper. 

One unusual feature of their experiment was the very long exposure 
duration used, namely, 300 msec. Most experimenters use durations of 
100 msec or less, their reason being a desire to prevent the subject's 
using eye movements to scan the display. The latency of a voluntary 
saccadic eye movement is between 120 and 200 msec (Dodge, quoted 
in Woodworth and Schlosberg, 1954; Ginsborg, 1953; Westheimer, 
1954a, 1954b; Saslow, 1967) and the duration of a short saccade is less 
than 4 msec (Westheimer, 1954a), These figures indicate that an ex- 
Posure duration of 300 msec is ample to permit the subject to take two 
ooks at the stimulus, fixating at different points. 

If the subject does move his eyes from the fixation point, which way 
will he move them? The fact that the eyes move from left to right in 
Normal reading suggests that such a movement would be to the right, 
and Terrace (1959) did in fact report that any eye movements which 
occurred during or after the tachistoscopic exposure of a row of letters 
Were Predominantly movements to the right. ч 

us, Fitzgerald and Marshall's subjects had time to move their eyes 
While the stimulus was present, so as to fixate it in two places; and what 
evidence that there is suggests that such a movement would usually be 
to the right, If this occurred, the four right-hand letters would benefit 
Steatly from it, since after the eye movement the average distance of 
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the right-hand four letters from the fovea would be reduced and the 
average distance of the left-hand four letters from the fovea would be 
increased, Thus the right-hemifield superiority observed by Fitzgerald 
and Marshall could have been produced by the occurrence of eye 
movements, 

This last possibility could have been eliminated by substantially re- 
ducing the exposure duration. Fitzgerald and Marshall note that Win- 
nick and Dornbush (1965) found no hemifield difference in accuracy 
of report when the subjects had postexposure instructions to report one- 
half of a centrally fixated row of letters. Winnick and Dornbush used 
an exposure duration of 150 msec, and their failure to find a hemifield 
difference is therefore consistent with the contention that the difference 
found by Fitzgerald and Marshall occurred because the exposure dura- 
tion they used permitted eye movements to occur. 

However, the form of postexposure cue used by Winnick and Dorn- 
bush was unsatisfactory, as Fitzgerald and Marshall point out. This cue 
was simply a spoken instruction and would therefore introduce an ap- 
preciable delay between the presentation of the stimulus and the pre- 
sentation of the cue, a delay during which complete decay of a post- 
exposural visual representation of the stimulus would have occurred. 

In the experiment we report, the exposure duration was short enough 
to preclude eye movements during the presence of the stimulus, and the 
onset of the postexposure cue coincided with the offset of the letter dis- 
play. In addition, under one condition, a visual-noise mask was pre- 
sented at the offset of the letter display. If a postexposural left-to-right 
scan is responsible for the hemifield difference found by Fitzgerald and 
Marshall, this difference should be eliminated when a mask is used, 
since the mask abolishes the postexposural visual representation of the 
letter display, leaving the postexposural scan nothing to scan. This as- 
sumes that the mask does abolish the postexposural visual representa- 
tion, an assumption which seems secure inasmuch as our criterion for 
judging the acceptability of a masking pattern was that the letters be 
unreadable when presented simultaneously with the mask. 


METHOD 


—Subjects—The subjects were 20 undergraduate students at the University 
of Waterloo, who served in the experiment to fulfill a course requirement. 


—Material and apparatus—A set of 48 cards was prepared. Each contained ы 
row of eight letters (Letraset 287 capitals), each letter subtending 13 mi" 
arc vertically, with 28 min of arc between the centers of adjacent letters. 
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Bitters О and Q were not used. The remaining letters occupied each of the 
eight positions twice. No letter was used more than 
game random order of the 48 cards was used for all subjects. 
| The postexposure cue was delivered by means of a card containing 
tal green bars, each 1 deg 38 min 
e and below the area occupied by the leftmost four letters 
| feport of the left-hand four letters) or above and below the area occupied 


the 48 
Ment. The same sec juence of cue presentations was used for all subjects. 
For subjects in the mask condition, the cue card also contained a horizontal 
of ‘visual noise’ (a 4 deg X 40 min random checkerboard of small black 
E squares). This noise strip covered the entire area occupied by the 
letter row while it was displayed. When the visual-noise 
OW were presented simultaneously, the letters in the row 
A Scientific Prototype GB three-field tachistoscope was used to present the 
| Better rows and cues. The luminance of all three fields was 48 RL, measured 
| E Pritchard Spectra photometer, when blank white cards were placed in 


=Procedure—On each trial, after the experimenter's verbal ready signal, the 
| Subject was first presented for 2 sec with a fixation point (a small black 


H 


midway between the positions that would be occupied by the 

id fifth letters of a row). f row was then displayed 

l » а cue card, with or without a visual-noise maneo j= 

Sec. A randomly selected 10 of the 20 subjects were with 

Mask on every trial: the cue cards for the remaining 10 were alwa 

except for the cue bars. 

АЙ subjects were instructed to fixate the black dot, which would 

o experimenter said ‘Ready,’ үс the letters were a 2 
no-mask group) when n appeared either 

ES or (for the mask group) ЖАП green bars accompanied by a black 

White pattern appeared either to the left or to the right, the subject was 

10 report verbally the four leftmost or four rightmost letters from the just- 

Presented row, as indicated by the green bars. 


g 
IOS 
fei 
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RESULTS 


Table 1 shows the means and standard deviations of the mean number 
i correct per trial as a function of visual hemifield and condi- 
lion (mask versus no mask). Analysis of variance indicated that the 
Mask impaired performance significantly [F(1, 18) = 10.63, р<.005]. 
Neither the hemifield effect nor the interaction approached significance, 
E being less than unity in both cases. 
absence of a hemifield difference in both the masked and un- 
Masked conditions is evidence against the view that briefly exposed 
letter tows are processed from left to right, either during or after ex- 
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Table 1. Number of letters correctly reported (maximum possible, four) asa 
function of retinal locus and presence or absence of mask 


Visual hemifield 


| Left Right 

Mask condition M 1.453 1.502 
SD .275 560 

No-mask condition M 2.024 2.209 
SD .423 Е 4.38 


posure. The finding is consistent with the contention of Coltheart and 
Merikle (1970) that such hemifield differences as have been obtained 
in the past with centrally fixated letter rows were due to order of re- 
port. Since, in general, right-hand letters are reported after left-hand 
letters, the right-hand letters are subject to the effects of delay or out- 
put interference. 

The existence of loss during output is directly implied by our results. 
If the postexposure cue were simply an instruction to report as many 
letters as possible, more letters would be reported from the left than 
from the right. In view of the absence of a hemifield difference in our 
experiment, however, this cannot be due to the fact that at the time of 
cue onset, more letters from the left than from the right are available. 
It follows from this that some of the right-hand letters available for 
report after stimulus offset become unavailable before they are reported. 
Therefore the hemifield differences found with full-report techniques 
are not a function of input (left-to-right processing) but of output (left- 
to right order of report). 

The relationship between retinal locus and accuracy of report is shown 
in Figure 1. The function is roughly W-shaped. Such functions have 
previously been reported by Averbach and Coriell (1961), Haber and 
Standing (1969), and Coltheart and Merikle (1970), all of whom used 
partial-report techniques requiring the report of only one letter. Th 
shape of these functions appears to be determined by two factors: vis- 
ual acuity, which favors letters 4 and 5, and declines as distance from 
the fovea increases (Ludvigh, 1941); and spatial masking (interference 
produced by adjacent contours), which favors letters 1 and 8, since these 
are the only letters that do not have contours on both sides. (Haber 
Standing, 1969, and Bouma, 1970, have both shown that the presence 
of adjacent contours impairs the detectability of a target letter.) — 

The curves obtained by Averbach and Coriell, Haber and Standing 
and Coltheart and Merikle were symmetrical. The asymmetry of 
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curves shown in Figure 1 arises because a third factor is present here, 
one which is not present in studies requiring report of only one letter; 
that factor is order of report. Letters 4 and 5 are equivalent with respect 
to acuity and degree of spatial masking; but letter 5 is reported better 
than letter 4. This is doubtless because letter 5 will usually be given at 
the beginning. The same explanation can be given for the superiority 
of letter 1 over letter 8, for which the effects of acuity and spatial mask- 
ing are also equivalent. 


 ummE————— © 
"-— . .— .- . o Е :-—— —————— -.. 4 
PERCENT CORRECT 


LETTER ORDER FROM LEFT TO RIGHT 


Fig. 1. Accuracy as a function of retinal locus 


This analysis also applies to the results of Crovitz and Schiffman 

. 01965 › Who presented eight-letter rows either to the left or to the right 

fixation point and plotted accuracy as a function of retinal locus. 

"eir Figure 1 is very similar to our Figure 1. They concluded that rela- 

location in the letter row was the most important determinant of 
Accuracy, d : 

In the experiment by Crovitz and Schiffman, however, as in most 
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tachistoscopic experiments, location in the letter row was confounded 
with location in the report order. A byproduct of our experimental pro- 
cedure is that these two variables are unconfounded. If location in the 
letter row were the important variable, our Figure 1 should have dif- 
fered from theirs, since, for example, the item immediately to the right 
of the fixation point was the first in its row under their conditions and 
the fifth under ours. Despite this, performance with this item was simi- 
lar in the two experiments. We suggest that the similarity is due to the 
fact that in both experiments this item is the first to be reported. In 
general, all items to the right of the fixation point occupied different 
row locations in the two studies, but the same report-order locations, 
Since the two studies yielded very similar results, it must be report-order 
location, not row location, that is important. 

The importance of report-order location is confirmed by Crovitz and 
Schiffman's Figure 2, showing the results of an experiment involving 
central fixation of eight-letter rows, In this case, letter-row location was 
the same as in our experiment, but report-order location was different. 
The outcome is that their Figure 2 is very different from our Figure 1; 
for example, the fifth letter from the left was poorly reported in their 
experiment (where it is late in the report order) and well reported in 
our experiment (where it is first in the report order). 

Hershenson ( 1969a, 1969b) has argued that Crovitz and Schiffman's 
data largely reflected the operation of postperceptual processes and that 
this is the reason their data did not show any relationship to visual anat 
omy. Hershenson ensured that his subjects had thorough prior knowl- 
edge of each letter row and stressed to them that they must report only 
what they saw, avoiding guessing. We refer to this as the ‘foreknowledge 
condition.’ Hershenson also carried out an experiment under the usual 
no-foreknowledge condition. 

In the foreknowledge-condition experiment, the number of letters cor 
rectly reported was inversely related to distance from the fovea; that 
is, it followed the pattern expected from visual anatomy. Hershenson 
(1969b) took the view that this occurred because responses are i50" 
morphic to the percept in the foreknowledge condition, whereas post- 
perceptual processes play a large part in results obtained with the 
normal no-foreknowledge condition. 

This last-mentioned view might have some plausibility if performance 
were worse under the no-foreknowledge condition, since the decrement 
could be attributed to forgetting during response. However, Figure 
in Hershenson (1969b) shows that performance was much better m 6 
no-foreknowledge condition, This is logically absurd on Hershensons 
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view, since it implies that items which were not represented in the per- 
cept (not reported in the foreknowledge condition) were often reported 
in the no-foreknowledge condition. The discrepancies are far too large 
to be ascribed to guessing: percent correct (estimated from Hershen- 
son's Figure 6) for positions 1 and 2 were 67% and 65% for the no- 
foreknowledge condition, and 24% and 35% for the foreknowledge 
condition. Clearly, there was something bizarre about the task required 
of the subject in the foreknowledge condition, since he often denied 
seeing letters he could report perfectly well. The eccentric nature of 
this task can be brought out by considering the question, How does the 
subject know whether he saw a certain letter or not? 

If the subject is not directly revealing his percept in the foreknowl- 
edge condition, what is he doing? Harcum (1970) has shown that re- 
sults very like Hershenson’s can be obtained by simply asking subjects 
which letters in a seven-letter row they would expect to see if the row 
Were to be briefly exposed. Harcum therefore suggested that subjects in 
the foreknowledge condition were responding in terms of the demand 
characteristics of the situation, The intrusion of such an effect is not 
Surprising, since the task required of the subject (that he report whether 
or not he saw a letter which in fact he knew to be there) must be very 
difficult for him to interpret. 

Hershenson’s technique initially appeared interesting because, with 
output interference unlikely when the subject had previously memo- 
rized all items, it could be argued that his accuracy / position curves, like 
those obtained with probe techniques (Coltheart and Merikle, 1970), 
Would be free of the distorting effects of loss during report. The argu- 
ments presented above, however, suggest that Hershenson’s attempt to 

istinguish between perceptual and postperceptual processes has been 
unsuccessful and, therefore, that his results should not be discussed in 
relation to ours and those of Crovitz and Schiffman (1965). n 

Our conclusion, then, is that plots of accuracy against retinal locus in 
tachistoscopic experiments reflect the joint influence of three factors: 
Visual acuity ( favoring letters close to the fovea), spatial masking (fa- 
Voring end letters), and loss during report (favoring letters at the left 
of a row). We have given reasons for believing that neither DOSIUOD 20 
the letter row as such (Crovitz and Schiffman, 1965) nor left-to-right 
Processing (Heron, 1957; Fitzgerald and Marshall, 1967) is important 
m tachistoscopic performance, and our results appear to indicate that 
the hemifield difference reported by Fitzgerald and Marshall (1967) 
Occurred because their subjects were able to move their eyes during the 
tachistoscopic exposure, 
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THE VISUAL PERSISTENCE OF A MOVING 
STROBOSCOPICALLY ILLUMINATED OBJECT 


Robert Efron and David N. Lee 
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A time-dependent visual illusion was studied to contrast the ‘perceptual mo- 
ment’ hypothesis with the concept of ‘persistence of vision.’ The experimental 
results were formally consistent with either concept. However, the perceptual- 
moment hypothesis that fits the data is one in which the duration of the ‘mo- 
ment’ is variable and determined by stimulus properties rather than by a 
constant, central, neural clock—a finding which undercuts the heuristic value 
of the hypothesis. 


A small moving object viewed in the dark under low-frequency stro- 
boscopic illumination gives rise to the illusion of a group of identical 
objects moving in tandem across the visual field. The number of objects 
in the group increases when the strobe frequency is increased. Since the 
objects in the group appear to be of similar contrast, the illusion cannot 
be explained in terms of afterimages ( Karwoski and Crook, 1937; All- 
port, 1966). 

Allport (1966, 1968) has attempted to explain this illusion in terms 
of a ‘traveling moment’ hypothesis. He distinguishes two versions of 
the Perceptual-moment hypothesis. The first, which he calls a ‘discrete 
moment’ hypothesis, is exemplified by the model of Stroud (1955). In 
this view, perceptual information is time-sampled in single ‘chunks’ or 
frames’ of approximately 100 msec, and these samples are consecutive, 
nonoverlapping, and discrete. 

In the Second version of the perceptual-moment hypothesis, exem- 
Dlified by the model of William James (1890), the sampling epochs are 
Rot Consecutive but are temporally overlapping. They are conceived as 
û moving’ or ‘traveling window’ of approximately 100-msec duration. 
Allport describes this second version in terms of an analogy of an ob- 
server sitting in a moving train: his “field of view is always bounded 

y his own carriage window. New elements of the passing scene enter 
1S view continuously from one side of the window, while others drop 
ut of it at the other. Given a temporal rather than a spatial extension, 
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the moving window analogy corresponds to the idea of a continuous 
‘travelling moment’” (1968, p. 396). 

Allport has shown that the multiple-image phenomenon is inconsis- 
tent with the discrete-moment hypothesis but compatible with a travel- 
ing-moment hypothesis. Using the number of images perceived at any 
strobe frequency as a measure of the duration of the ‘traveling moment; 
his data reveal that the duration of the traveling moment is inversely 
related to the stimulus luminance. Mollon (1969) has shown that the 
number of images seen is also dependent on the spectral composition 
of the light. From these studies it appears that the perceptual moment— 
if indeed there is one—is of variable duration, is dependent on stimulus 
parameters, and may not be related to any fixed neurophysiological time 
constant, sampling epoch, or clock. This conclusion severely undercuts 
the heuristic value of the traveling-moment hypothesis, with its im- 
plicit reference to a central time-sampling mechanism. 

There is, however, another reason for questioning the value of either 
version of the perceptual-moment hypothesis. Neither version deals ex- 
plicitly with the phenomenon of persistence of vision. Because of the 
lack of explicitness, it is not clear if the phenomenon of persistence is 
subsumed by the perceptual-moment hypothesis or if the phenomenon 
of persistence is considered irrelevant to the theory. Expressed differ- 
ently, has Allport measured the duration of the traveling perceptual mo- 
ment or has he measured the duration of persistence, or are the two 
concepts to be considered identical? If they are identical, then what is 
the advantage of the concept of perceptual moments over the older, 
well-established concept of persistence? 

It is the purpose of the present paper to show that the perceptual 
illusion of multiple images can be accounted for quantitatively by the 
phenomenon of persistence and without reference to any perceptual- 
moment hypothesis. 

A recent series of studies of persistence of vision and audition h 
been performed using a method of intramodal (Efron, 1970a, 1970b) 
and crossmodal (Efron, 1970c) simultaneity judgments. By this tech- 
nique, the magnitude of the perceptual onset and offset latencies coul 
be compared, Persistence was defined as occurring when the perceptu@ 
offset latency was larger than the perceptual onset latency. It was foun, 
for the particular stimuli and light-adaptation levels used, that the per 
ceptual onset and offset latencies were equal when the stimuli werê 
longer than 130 msec—that is, that these ‘long’ stimuli did not Ie 
sult in any persistence as defined above. However, for stimuli b 
than about 130 msec (the critical duration), the perceptual offset # 


as 
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tency became larger than the onset latency and increased inversely with 
stimulus duration. It was also noted that the duration of the persistence 
for the ‘brief’ stimuli was inversely related to stimulus luminance. 

From these results, it was anticipated that two or more consecutive 
brief stimuli (which have long persistence times) presented at different 
retinal loci would result in two or more perceptions that temporally 
overlap. That is to say, there would be some period of time during 
which the observer would be conscious simultaneously of more than 
one stimulus. This experimental paradigm is, in essence, identical with 
the conditions under which multiple images of a stroboscopically illu- 
minated moving target are observed, It seemed appropriate, therefore, 
to compare the measure of persistence that might be obtained from an 
analysis of this illusion with the measure of persistence obtained in the 
Previously reported experiments, which relied on an entirely different 
methodology. 


METHOD 


—Experimental paradigm—Consider a white disc on which there is a single 
black radial line. The disc is illuminated by a stroboscope and is rotated at a 
Constant speed of about 1 rps, the conditions being such that the line is at 
nonoverlapping spatial positions at each successive strobe flash. : 
It is assumed that each strobe flash gives rise to a perception of the line at 
а particular locus at the time of the flash and that the duration of each per- 
ception is d sec, Since the duration of the strobe flash is of the order of 1 usec, 
can also be considered to be equal to the duration of the persistence. If the 
flashes are presented every d/2 sec, the perception produced by any one flash 
will temporally overlap (by 50% ) the perception afforded by the next flash. 
This is illustrated in Figure 1. At any moment in time (see ta, ty, or t, in Fig- 
ure 1), the observer would be expected to perceive two lines, and these two 
lines should be seen to move in tandem in a circular path if the flashes con- 
tinue to be presented at this frequency. Clearly, the same argument applies 
to the more general case where the interval between strobe flashes is d/n sec, 
п being a positive integer. In this case, a group of n lines should be seen moy- 
ng together, Х 
hen n is not an integer, the situation is somewhat more complex. In ir 
rase, the observer would not necessarily be aware of the same number o 
; 105 at every moment, As an illustration, the case of n — 10/3 is represented 
in Figure 2. Tt may be seen that two-thirds of the time three perceptions tem- 
Porally Overlap (see t, and t,, Figure 2) and that one-third of the time four 
Perceptions overlap (see t, Figure 2). If we make the reasonable assumption 
that the probabilities, in any one observational sample, of seeing three or $^ d 
nes are 2/3 and 1/3 respectively, then it follows that with repeated o 
Т өр the expected mean number of perceived lines will be 2/3(3) + 
= 3.3, 
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Fig. 1. Schematic representation of hypothesis, n — d/2 


From such considerations we may deduce the following general predic 
the interval between strobe flashes is d/k sec, where k is any num 
ber not less than unity and d (sec) is the persistence of the percept а 
by each strobe then the expected mean number (n) of lines seen mow 
ing ina T, will be equal to k. The corresponding frequency (f) of strobe 
k/d pps, and so the prediction may be simply written as the lineat 
expression: n — d(f). 
This linear prediction was verified by the present experiments, and from 
the results the duration of perceptual persistence (d) could be comi 
The duration of the persistence was measured for different luminance 
it being expected, on the basis of other evidence (Allport, 1968; Efron, 1970), 
that the duration of perceptual persistence would increase as 


78 rpm in the subject’s frontoparallel plane, and was viewed at eye 
from a distance of approximately 1 m. A General Radio 1539-A $ 
flash lamp, triggered by a Grass $8 stimulator, which had been accurate 
calibrated, was mounted behind and above the subjects head. Ea 

was of 1.2-usec duration and homogeneously illuminated the rotating 
Using a method of brightness matching with a continuous source of E 
tion, the luminance of the disc was estimated to be approximately 12 оой 

a value close to that used in previous experiments (Efron, 19700) pai 


other source of light in the matte-black experimental room was а: illom 
used by the experimenter to record the subject's replies; this very dimly | 
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Fig. 2. Schematic representation of hypothesis, n = 10/3 


sated the disc, In order to mask the sound of the strobe lamp, the subjects 
wore headphones into which white noise was delivered. 

Five female employees of the hospital were used as paid subjects. 
were all in the age range of 20-30 years. Three 


At the start of the the subject the 
art of the experiment was 
25-pps stroboscopic illumination and was asked to report what she saw. 
Invariably, а sheal of two or more emu op 
The subject was then told that her task was to report, on each trial, ha 
етет of lines in the rotating sheaf. A short practice experiment, similar 
to the main experiment, was then run 
ational task. 
Subjects KK, RB, DP, and GH served in the main which wes 
rided into six sessions, each comprising 120 trials. In half the session the 
fise was rotated clockwise; in the other half, counterclockwise. Гей» 
тт Ivencies (10 to 32 pps іп 2-pps steps) were used, chosen on the ot 
studies. Before each trial the strobe was 
one of the 12 values, and the strobe was then turned on for only 15 vec. There 
ax 10 trials at each frequency in a session. The random hd 
derent Strobe frequencies and the brief exposure to each ы 
апу tendency the subject may have had to use an — x ab 
uencies as а cue to influence her judgment of the number re- 
Ported, Despite these precautions, it is possible that some cuing effect may 
still have influenced the results. 
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Pilot studies had shown that it is very difficult to make accurate judgments 
of the number of moving lines if more than four are seen. The subject was 
therefore instructed to limit her reports, under a forced-choice procedure, 
to ‘one,’ ‘two,’ ‘three,’ ‘four,’ or ‘four-plus.’ 

Viewing was monocular with the preferred eye. The subject was instructed 
not to follow the movement of the radii with her eye. In order to reduce the 
possibility of inadvertent eye tracking, the subject was instructed to direct a 
steady gaze to one side or the other, as she preferred, of the center of the 
disc, but no fixation target was provided. The other side of the disc was 
shielded from view. The rotating radii appeared from behind the shield twice 
on each trial. The subject was instructed to treat the first appearance as a 
warning signal and to base her judgment on the second appearance. 

Subjects GH (again) and DH served in a second experiment, which was 
designed to study the effect of flash luminance. One luminance level was the 
same (1.2 ftL) as in the first, main, experiment; the other was 1.5 log units 
lower. In each experimental session these two flash luminances were alter- 
nated every 10 or 12 trials. Otherwise the procedure was identical to that in 
the main experiment. 


RESULTS 


In the first experiment, where the luminance of the disc was approxi- 
mately 1.2 ftL, there were four subjects. Since there was no significant 
difference between the results for counterclockwise and clockwise mo- 
tion of the line, only the combined results are given in Figure 3. For 
these results, a report of four-plus was scored five. 

It can be seen that the linear regressions of n on f for each subject 
strongly support the prediction that the mean number of radial lines 
reported (n) is proportional to the strobe frequency (f). The best esti- 
mate of the constant of proportionality is given by the regression slope. 
This value, a measure of the duration (d) of perceptual persistence 
was approximately the same for all four subjects (d — 133, 137, M4, 
and 144 msec). ; 

It was expected that the subjects might show more variability in their 
replies when presented with strobe frequencies which, according to the 
persistence hypothesis, should result in varying numbers of perceiv 
radii. Although the selection of strobe frequencies was not ideally suite 
to this analysis, some evidence was obtained that the standard dev" 
tions did fluctuate as expected. The significance of this fluctuation was 
difficult to evaluate, since there was also present in every subject a more 
marked, systematic increase in the standard déviation as the strobe fre- 
quency increased. This increase of standard deviation in the estimate 0 
larger numbers of radii partially obscured the expected fluctuation 0 
standard deviation. 
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Fig. 3. Number of radii seen as function of strobe frequency 


In the second experiment, where the luminance levels were 1.2 ftL 
and 1.5 log units lower (these two luminances alternating every 10 or 
12 trials), there were two subjects. Again, there was no significant dif- 
ference between the results for counterclockwise and clockwise motion, 
and so only the combined results are given in Figures 4 and 5. 
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Fig. 4. Effect of luminance on number of radii seen; subject GH 
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Fig. 5. Effect of luminance on number of radii seen; subject DH 


Under the lower flash-luminance condition, the subjects repo 
more radial lines. The flattening of the lower luminance curves at t 
upper end is an artifact of scoring reports of four-plus as five. Ассо 
ingly, the upper two points were omitted in computing the regressio 
equations gíven in the figures. The estimates of the duration (d) 


flash by 1.5 log units would also have altered the subject's level of li 
Persistence of vision (as measured by critical flicker-fusi 
threshold) has been found by Granit and co-workers (1934, 1935) t6 
increase as the eye is progressively dark adapted. Thus, the increase ff 
the number of radii reported as the flash luminance was decreased could 
be due, at least in part, to greater dark adaptation. It was not possi 
Pee. the design of the present experiment to differentiate between h 


In contrast, the effect of the higher strobe frequencies (which wot 
tend to promote more light adaptation) would also be expected to 
duce the amount of persistence and thus would tend to decrease 
number of radii reported. Since an increase in the number of radii Wê 
found as the strobe frequency increased, it can reasonably be concluded 
that the change of adaptation level caused by the change in strobe fr 
quency was not a significant factor in altering the persistence ч 
conditions of this experiment. 
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DISCUSSION 


Three previous studies (Lichtenstein, 1961; Allport, 1988; Efron, 1970) 
ме particularly pertinent to the present study, The first two of these 
were reported in terms of the ‘perceptual moment’ hypothesis. However, 
the results may be equally satisfactorily interpreted in terms of percep- 
tual persistence. light 

Lichtenstein presented his subjects with four pin-point sources 
spatially arranged to lie at the corners of an imaginary diamond. These 
four lights were flashed in rapid succession, and the subject was re- 
quired to increase the rate of flashing until all four lights appeared to 
Suh on and off simultaneously. Lichtenstein found that his subjects re- 
ported this end point when all four lights flashed, in whatever sequence, 
within a period of 125 msec. He considered this value to represent the 
duration of the perceptual moment. It may be argued with equal co- 
ncy that at this end point his subjects were perceiving the four lights 
М each and every instant in time, because of perceptual 
His value of 125 msec could thus be taken as an estimate of the dura- 
ton of perceptual persistence under the luminance conditions he used 
(46 ftL, 5 usec). 

Allport presented his subjects with 12 sequential horizontal traces on 
an oscilloscope screen, one just above the other. His subjects were to 
"рогі when all 12 traces appeared to flash on and off simultaneously. 
He found that his subjects reached this end point when all the traces 

within a period of approximately 90 msec and that the period 
Жаз longer when the traces had a lower luminance. Allport attempted 
$0 relate this 90-msec period to the duration of a perceptual moment, 
but it too may be interpreted as a measure of perceptual persistence. 
That the value is lower than those obtained in the present experiments 
likely due to the higher luminance Allport used. His lowest trace lu- 
minance was 16 ftL, whereas the highest luminance used in the present 
dy was 1.2 ftL. Differences in the subjects’ adaptation levels could 
account for the discrepancy between Allport's results and those 
"ported here, 
„În the previous study of persistence by the method of crosemodal 
“nultaneity judgments (Efron, 1970c), a visual persistence time of 
sec m obtained with stimuli of 3.4 ftL. Using the uai animes 

* value of d obtained in the nt experiments was 
Ышш of 1.2 fT, (see Figure 5). The previous experiments EE 
è under conditions in which the level of light adaptation eel 
tively Constant. In the present experiments the light-adaptation TA 
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doubt varied with each different strobe frequency. Despite this possible 
source of error, the close agreement in the estimate of visual persistence 
by two radically different methods gives support to the idea that the 
phenomenon of multiple images can be accounted for by persistence 
of vision and without recourse to any of the complex variants of the 
perceptual-moment hypothesis. 

To account for these results in terms of perceptual moments, the dura- 
tion of the moment would have to vary as a complex function of stimulus 
luminance, wavelength, state of adaptation, and so on. This modified 
concept of a perceptual moment stands in marked contrast to the origh 
nal idea (implicit in both versions of the moment hypothesis) that the 
moment is a psychological consequence of a central information-sam- 
pling system operating on a fixed time base—a constant sampling epoch 
based on some biological rhythm or ‘clock.’ The modifications of the trav- 
eling-moment hypothesis that would make it formally consistent with 
the results of the present experiments would, at the same time, make 
it distinctly less interesting theoretically, since the duration of the al- 
leged — would be primarily determined by stimulus pes 
rather by temporal ers of any neurophysiological sampli 

paramet y physiologi 


Notes 


The experiments were carried out when Dr. Lee was a research associate a! 
Harvard Medical School. Support was provided by the Office of Naval Re- 
search under Contract Nonr 1866(52) with Harvard University and by à 
research grant from Boston City Hospital. Dr. Efron is in the Neurophysiology- 
Biophysics Research Laboratory of the Martinez facility. Received for pub- 
lication April 14, 1970. 
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TRIAL-AND-ERROR VERSUS ERRORLESS 
LEARNING: TRAINING, TRANSFER, AND STRESS 


Dirk C. Prather 
Arizona State University 


Ninety-six student pilots were trained on a range-estimation task, either by a 
trial-and-error method or by an errorless method. After eight training trials, 
performance under the two methods was statistically equal. In subsequent 
performance, the trial-and-error subjects were superior on transfer (p < .05) 
and under stress (p < .01). Under a combination of transfer and stress, there 
was no significant difference between the two groups. 


Education has traditionally used the trial-and-error method, to teach 
nearly every type of task, This usually means a student makes a large 
Variety of responses to a single stimulus situation. Through either ex- 
trinsic or intrinsic feedback, he slowly narrows down the responses to 
the most appropriate ones in that particular stimulus setting. The eT. 
can lead to frustration and anxiety or to pleasure and self-satisfaction, 
depending upon the outcomes of the current and past trials. It may also 
involve the necessary extinction of unwanted responses learned con- 
comitantly with the correct response. , 

If trial-and-error learning creates problems for the learner in the ac- 
quisition of appropriate responses, it would seem that guiding him ini- 
tially to the correct response іп a given stimulus situation should reduce 
some of the difficulties, If the learner never makes errors in learning а 
task, many of the uncontrolled, random contingencies of trial-and-error 
caring may be reduced or eliminated. Sd i 
, ~€ errorless approach is characterized by two types But, ii 
mg methods: those that follow the techniques developed by dere 
(1963) and those that train subjects by means of strong pro рве 
end result of these two methods is approximately the same in that they 

oth tend to minimize th e student's errors. Most of these errorless meth- 
ods present the subject with some sort of feedback after the response 

as been made. Quite possibly it is this feedback that the student uses 
to shape the response, rather than the prompt cota e а 
* Present experiment attempted to train ће subjects by a metho 
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that made error commission during training practically impossible and 
yet gave the subject no feedback on his performance. 

Most of the pertinent experiments cited in the reviews of the litera- 
ture by Lau (1966) and Prather (1969) indicate that on simple learn- 
ing tasks, errorless learning should be more efficient when training is 
restricted to a few trials. The present experiment tested performance on 
a perceptual skill after four and eight training trials to obtain a measure 
of efficiency. When transfer is the variable, the literature indicates that 
trial-and-error learning produces greater transfer of training. Further, 
most of the experiments on stress have compared performance on a task 
before and during stress. The present study compared both transfer and 
performance during stress after training by the trial-and-error and error- 
less methods, 

This experiment was pointed toward flight training in the United 
States Air Force, as the task involved was one that is similar to flying, 
and student pilots were used as subjects. The air force is interested in 
the efficiency of learning because, among other factors, flight training 
is very expensive. Education in general faces the same problem, of the 
increasing cost per student hour of instruction. One necessary question, 
then, relates to the efficiency of any training method. By use of one 
method will learning take place in fewer trials than by another? 

All education and training, no matter where they take place or for 
which reasons, are pointed toward the transfer of skills and abilities to 
new stimulus situations. The larger the amount of transfer, the better 
the training method. So a second question is, When training is com- 
pleted, will transfer to the real world be better under one method than 
the other? 

In flying, stress is a constant problem in the combat environment and 
an intermittent one (emergency conditions) in the training situation. 
There is evidence to show (Harleston, Smith, and Arey, 1965) that the 
learner's emotional response to stress changes his performance in solv- 
ing a problem. So a third important question is, Under stress in both 
the original training situation and a transfer setting, will performance 
be facilitated more by one training method than the other? 


METHOD 


—Subjects—Ninety-six male student pilots at Luke Air Force Base were ran- 
domly assigned to one of six groups. The age range of the subjects was from 
a Se, with a mean age of 25.9 years. Every subject was a moderately ёх 
perienced pilot who had received his wings in a USAF flight-training progt™™ 
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None of the subjects was experienced in the experimental task. Every subject 
had passed a stringent physical examination, which included eye and depth- 
perception tests, within the year preceding the experiment. Some subjects 
had minor corrections of their eyes to 20/20 vision. All these subjects wore 
their eyeglasses during the trials. Thirty of the subjects were pilots of the West 
German Air Force. The remainder of the subjects were USAF pilots. Equal 
numbers of German pilots were randomly placed in each group. This was 
the only variable that was controlled. 


—Task—Each subject was trained to select a discrete point at which he per- 
ceived a target to be a preselected distance from him. The task was not a 
simple $+ or S— discrimination, but one along a continuum. This skill is 
much like the ones a pilot must exhibit when flying. The writer, in a pre- 
ашу study, found the task suitable as a test of the questions outlined 
above, 

The task required range estimation on simulated strafing runs. Strafing in 
an actual practice situation usually involves the pilots firing 20-mm cannons 
at a 20 by 20 ft cloth target. One of the skills a pilot must learn is to estimate 
his range between himself in the aircraft and the target on the ground. 
When shooting to get the maximum number of hits, the best slant range to 
open fire is 2,000 ft. The pilot flies his aircraft toward the target, from ap- 
proximately 8,000 ft of range, at a closure rate of 800 ft/sec. 

A 4-in replica of the actual target was filmed against a plain white back- 
drop to remove all stimuli used for range estimation except relative target 
size. The point from which the movie, 16-mm black and white, was started 
Was measured and calculated to give the same relative size and appearance as 
the actual target on the gunnery range. The camera was moved toward the 
Simulated target at a speed to approximate a 800 ft/sec closure rate over the 
8,000 ft of range. Each of the runs was filmed individually. Some were started 
at less distance, and on several the cameraman operated the camera for 1-2 sec 
before the run was started. These two actions were taken to vary the number 
of seconds to correct open-fire point in order to keep the subjects from merely 
estimating range by means of elapsed time. 1 

he transfer target was a photograph of a MIG-21, a fighter aircraft cur- 
rently being flown by the North Vietnamese Air Force. The MIG-21 is 
actually 58 ft long. The photograph was scaled to appear to be the correct 
"s at the various ranges. The procedure for filming the runs on the transfer 
arget was the same as for the training target. 


mi = Duft the stimulus film was pron by a Kodak 16-mm Photo- 
ca! Data Analyzer onto a standard high-reflection screen. — — — 
nat © subject held a simulated trigger in his right hand. This switch ШЕ 
i: ec а light on the experimenter's control box. The experimenter con em п 
ШЕ light, which was located directly under the projected ee i d 
peri anism that delivered a 60-volt shock to the subject’s wrists. 
"menter used a -l-sec stopwatch to time each trial. 


= rocedure—The sequence of the movie was 14 runs on the training aes 
“uns on the transfer target, and 3 additional runs on the oe 2d 
PProximate]y 5 sec of blank film was inserted between each trial to give 
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experimenter time to record the stopwatch readings and give feedback when 
appropriate. 

To designate the six groups (TT, ET, TS, ES, TTS, and ETS), the follow- 
ing system of letter abbreviations was used: T, as the initial letter, indicates 
those subjects trained by the trial-and-error method. If the first letter is an E, 
the subjects of that group were trained by the errorless method. If the second 
letter is a T, that group was tested under transfer conditions. The letter S, as 
either the second or third letter of the designator, indicates that the subjects 
in the group were tested under stress after training. Group ETS, therefore, 
was trained under the errorless method, tested on the transfer stimulus, and 
had a performance-contingent electric shock. 

The subjects were seen individually in an academic classroom at Luke AFB. 
Each subject was asked to sit in a chair 25 ft from the screen and 4 ft to the 
left rear of the experimenter. When he was seated, the experimeter read the 
instructions to him. 

First, all subjects got this sequence with the training target: trained 
for 4 trials, tested on 3 trials, trained for 4 trials, and tested on 3 trials, for a 
total of 14 trials. 

The trial-and-error subjects were required to press the trigger button 
when they estimated that the target was at the correct open-fire range. The 
difference between the correct and actual elapsed time was converted to 
actual range at open fire. This range was given as feedback to the subject by 
a verbal statement from the experimenter (e.g., ‘2400 feet’). 

The errorless subjects were required to press the trigger when the green 
cue light came on. This light was illuminated by the experimenter at pre 
cisely the correct open-fire range. If the subject began to anticipate the cue 
light, the experimenter would ask him not to respond until it was lit. This 
procedure enabled the subject to be trained without response error and yet 
perform the same motor task as the trial-and-error subjects. 

The test trials were identical for both treatments. The experimenter те 
corded the elapsed time on each trial but did not give any feedback or turn 
on the cue light. Eight training trials were given, since the pilot study re 
vealed performance should then be statistically equal for both methods. 

Next, the subjects were put under conditions of stress, transfer, or transfer 
and stress. Groups TS and ES saw three more runs on the training stimulus 
after the shock electrodes were connected. The subjects did not receive any 
verbal feedback or cue light during these trials, but they did receive ап 
electric shock if they were more than 300 ft away from the desired open-fire 
range. Each subject received a demonstration shock before these trials. 

Groups TT and ET viewed three runs on the transfer stimulus, the MIG-21. 
These subjects did not receive any verbal feedback or cue light during these 
trials; however, they were told that they would be given their results at the 
conclusion of the experiment. 

Groups TTS and ETS observed the same three runs on the transfer 
stimulus. They did not receive any verbal feedback or cue light during t 
trials, but they did receive an electric shock if they were more than 300 
off desired range. Each subject received a demonstration shock before the 
transfer trials. 

The experimenter's assistant sat to the left of the subject. The assistant 
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took the subject's pulse for 30 sec at the beginning of the first training tríal, 
at the beginning of the second set of test trials, and immediately after the 
demonstration shock. If the subject was a member of group TT or ET, where 
no shock was given, his pulse was taken at the start of the first transfer trial. 
Training or testing was not stopped while his pulse was being taken; the 
movie continued to run. The subject did not need his left hand to press the 
trigger button (a task that is always done with the right hand in fighter air- 
craft). This pulse-taking procedure did not appear to interfere with training or 
testing. 


RESULTS 


The performance data refer to the amount of error in feet from the 
desired open-fire point, regardless of direction of error. A low score in- 
dicates better performance than a high score. The heart-rate data re- 
flect heart rate at the time the distance measures were taken. The data 
were punched on cards and analyzed by a CDC 3400 computer. All 
data were compared by F test by means of one-way analyses of vari- 
ànce (see Table 1). 


Table 1. Analysis of variance 


Source df ME * 
After four learning trials 
Сир 1 115,426.0 1.59° 
Error 94 В 
After eight learnin g trials 
Groups 1 142.1 .003 
Perf Error 94 рар 
°Поппапсе during transfer 
Groups 1 1,626,170 5.47** 
fes Error 30 297490 
ег Gan on the training ur during pr 13.67°°° 
P Error 30 G0 
erformance on the transfer stimulus during stress 
Groups 1 152,159 "n 
е Error 30 276,510 
eart rate duri ini 
о training F 662 4.30°° 
Error 94 ari 


P< 25, вер < 05. ре 01. 
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Training 


The results on efficiency after four learning trials were that the mean 
distance of error was 478 ft for the trial-and-error group and 608 ft for 
the errorless group. The differences between groups were very margi- 
nally significant at the .25 level (F = 1.59, df 1, 94). The results after 
eight training trials indicate that the two training groups were almost 
identical, with a mean error of 418 ft for the trial-and-error group and 
416 ft for the errorless group. 


Transfer 


On the transfer variable, the mean error for group TT was 664 ft; for 
group ET, 1,115 ft. The difference was significant at the .05 level (F= 
5.47, df 1,30). 


Stress 


The results on performance, under stress, on the training stimulus 
showed a mean error for group TS of 427 ft and of 750 ft for group ES. 
The difference was significant at the .01 level (F = 13.67, df 1, 30). 
Under stress in the transfer situation, the mean error for group TTS 
was 1,080 ft and 1,218 ft for group ETS. The difference was not sig- 
nificant (F = .55, df 1, 30). 

To demonstrate that stress had been induced, and its effects on per 
formance, groups TT and ET were compared against groups TTS and 
ETS. The mean error for groups TT and ET was 889 ft, and 1,149 ft 
for groups TTS and ETS. The difference was significant at the 10 level 
(F = 3.51, df 1, 62). These four groups were also compared on heart 
rate during their performance trials on the transfer stimulus, the third 
heart-rate measure. The mean heart rate for groups TT and ET was 
109; groups TTS and ETS had a mean heart rate of 114. This difference 
was also significant at the .10 level (F = 3.07, df 1, 62). These figures 
show a decrement in performance and a rise in heart rate with the in- 
troduction of a performance-contingent shock. 
| To further demonstrate that stress had been induced and to analyze 
its effects on performance, groups TS and ES were compared (by 4 
repeated-measures design) on their second training performance an 
their performance after the shock. This was done by taking measures 
of performance on the same stimulus just before and during the shock- 
contingent period. Before the introduction of the electrical shock, groups 
TS and ES had a mean error of 445 ft. They had a mean error of 588 ft 
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after the performance-contingent shock had been introduced. The dif- 
ference was significant at the .01 level (F — 7.80, df 1, 30). These two 
groups had a mean heart rate of 108 before shock and 113 after shock. 
This difference was also significant at the .01 level (F — 18.40, df 1, 30). 

Interestingly, even when no shock had been given, the errorless group 
had a significantly higher heart rate after training than did the trial-and- 
error group. The mean heart rate on the second measure for the error- 
less group was 110.1 and 104.8 for the trial-and-error group. The differ- 
ence was significant at the .05 level (F — 4.30, df 1, 94). The heart-rate 
means for both groups, based on measurement during quiescence, be- 
fore the experiment were 73 beats per minute, according to data in each 
individual's last physical-examination record sheet. 


DISCUSSION 


When the literature was surveyed before this experiment, it was noted 
that most of the experiments involved simple discriminations such as 
left-right, red-green, circle-ellipse, and so on. Range estimation with 
few cues on a target closing at 800 ft/sec is certainly more complex, 
and complex discriminations along a continuum are indeed made by 

umans many times during the normal day, especially by pilots of high- 
‘peed aircraft. Only in experimental studies of auditory discrimination 
were the tasks comparable in difficulty. And when subjects were re- 
quired to make these complex auditory discriminations, trial-and-error 
cedures: were superior to heavy prompting (Aiken, 1966). Possibly 
there is a point in the difficulty of discrimination tasks at which trial- 
and-error methods overtake and pass errorless procedures in efficiency. 

Contrary to most of the literature, the errorless method did not teach 
the exper imental task more efficiently than the trial-and-error method. 

1¢ mean of the trial-and-error group was 16% better on performance 
than the mean of the errorless group, although the difference could not 
E Considered significant due to the large amount of variance in perfor- 
mance because of the low number of training trials. | 

© results on efficiency of training may be contrary to the literature 
“cause of the difficulty of the task. In simple discrimination learning, 
¢ experimenter can easily analyze the behavior required to form the 
э discrimination. This may make it easier for him to set up cues 
E Will control the subject's behavior to the desired end, uer cud 
Ыш by the errorless method in the teaching of simple discrimin 
tributable to the narrow limits of the behavior sought. Another reason 
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for the results may be that most adults have a long history of trial-and- 
error learning; they probably have learned to be efficient at this process 
and may be able to set up their own intrinsic cues in a complex dis- 
crimination, cues more efficient than those an experimenter or educator 
could extrinsically provide. We might also note that some learning theo 

rists (Holland, 1960; Skinner, 1968; Terrace, 1963) postulate that an _ 
incorrect response interferes with the learning of the correct response. 
This theoretical position is not substantiated by the present results. 

In agreement with most of the literature, however, trial-and-error 
training was superior to errorless training when teaching for transfer. 
These results extend the literature to a more difficult perceptual task 
This is probably the most important finding of the study, since the goal 
of formal education is the transfer of skills and abilities to new stimu 
lus situations. 

The finding that subjects trained under the trial-and-error method 
performed significantly better under stress is very important for the 
training of pilots. The differences were significant when the training 
stimulus was used; they were not significant for the transfer stimulus, 
although the performance of the trial-and-error subjects on the transfer 
stimulus was 13% better than that of the errorless subjects. The lack of 
significant findings under the transfer-and-stress condition ( groups ETS 
and TTS) was probably because both groups received the performance 
contingent electric shock. With subjects using this information as f 
back to improve their responses, performance differences would tend о 
narrow. There is little data on this question, for most previous exper" 
ments have compared performance before and during stress. The advan- 
tage of the present method of comparing performance under stress after 
different kinds of training is that it does allow the findings ОП stress 
to be interpreted in a fashion similar to that of most experiments on 
transfer, 

There is ample proof that stress was induced in the present investi 
gation. The significant rise in heart rate and the decrement in pe 
mance between measures taken just before the electric shock and dur- 
ing the shock-contingent period both indicate that stress was indu 
The differences in heart rate and performance on the transfer stimu 
with shock and without are another indication. So is the fact that groups 
TTS and ETS had a mean heart rate of 114 during the shock-conting” 
period. Compared with the heart rate of 118 taken on pilots in Of iy, 
under heavy antiaircraft fire during bombing runs over Hanoi 
ner, 1967a, 1967b), this is convincing evidence of stress. bef 

The experiment suggests that when prompts are too powerful, 
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may decrease some of the involvement in the task or make the involve- 
ment more passive. The trial-and-error subjects were much more ac- 
tively involved in the learning situation in that they seemed to treat the 
task as a game and to display many more verbalizations during the 
experimental period. The errorless subjects seemed much more passive 
in the situation. 

The significantly higher heart rate displayed by the errorless subjects 
after training is also an interesting finding on which to speculate. Since 
both errorless and trial-and-error subjects had the same mean heart rate 
before training, some variable in the errorless training method seems 
accountable for the difference after training. The fact that the errorless 
subjects were aware that test trials were imminent and that they had 
no knowledge of their previous performance may be important here. 

The evidence from this experiment clearly implies that a trial-and- 
error method of training is superior to an errorless procedure when 
the task is one of difficult perceptual learning. It may well be that the 
trial-and-error method should be extensively employed when teaching a 
perceptual-motor skill such as flying and that the indiscriminate use of 
errorless procedures for teaching complex tasks is open to question. 


Notes 


The opinions expressed and the conclusions drawn in this paper are those of 
the author and do not necessarily reflect the views of the United States Air 
Force or the Department of Defense. The author's present address is at the 
United States Air Force Academy. Received for publication July 23, 1970. 
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THE SWEETNESS AND PLEASANTNESS 
OF SUGARS 


Howard R. Moskowitz 
Pioneering Research Laboratory, U.S. Army Natick Laboratories 


Nine experiments were run to assess the relation between sweetness, pleasant- 
ness, and the concentrations of 43 sugars. A power function adequately 
related the sweetness, S, of most sugars to their concentration, C: S= kC*, 
where the intercept k is a measure of relative sweetness. The average ex- 
ponent is about 1.3, and the results suggest that the large range of relative 
sweetness across sugars is correlated with differences in molecular structure. 
The pleasantness of sugars was not monotonic with concentration but sys- 
tematically departed from linéarity at high concentrations. Pleasantness as 
a function of sweetness was roughly linear in log-log coordinates, with a 
"slope between .3 and .5. 


A number of studies (Meiselman, 1968; Moskowitz, 1970a, 1970b; 
Stevens, 1969b) have suggested that the sweetness, 5, of sucrose grows 
in magnitude as a power function of concentration, С: 5 = КС". In log- 
log coordinates this relation between the perceptual continuum of sweet- 

hess and the objectively measured continuum of concentration is rectified 
into a straight line, with a slope of n and an intercept of k. The exponent 
is particularly important for characterizing the dynamic growth of sweet- 
ness because it indicates how sucrose concentrations are transformed 
Into reported sweetness. If n exceeds 1.0, then sweetness accelerates 
With concentration, whereas if n is less than 1.0 then sweetness decele- 
Fates with concentration, An exponent of 1.0 indicates that the growth 
of sweetness is linear with the growth of concentration. | 

Estimates of the sweetness exponent of sucrose obtained from various 
laboratories and procedures give conflicting results as to whether sweet- 
ness is a negatively or positively accelerating function of the sweetener, 
Kocher and Fisher (1969) and Feallock (1965) reported exponents of 
Approximately .5; both studies used a flow system to present the taste 
stimulus. Meiselman (1971) has demonstrated that the procedure of 
Presentation can drastically affect the sweetness exponent, with the flow 
method typically giving lower values than the sip procedure. Experi- 
Menters who used the sip procedure have reported higher exponents. 
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Those obtaining values below 1.0 include Gregson and Russell ( 198). 
who got an n about .62, and Meiselman ( 1968), who got an n about TL 
Stone and Oliver (1969) reported an exponent around 1.0, Se 
(1969b) an exponent around 1.3, Moskowitz (196%, 19708, 19705) 
ponents between 13 and 1.6, and Ekman and Akesson ( 1964) an ex 
nent around 1.5, 

Fewer studies have been published on the measurement of the ' 
antness,” or affective dimension, of sugar. Engel ( 1928) showed that 
intermediate concentrations a large proportion of his observers repo 
that sucrose was pleasant, but at higher concentrations many of t 
noted that sucrose became unacceptable, In a choice experiment, Chap 
pell (1953) instructed observers to select the most acceptable cone 
tration of sucrose from an array of eight solutions а] found that, 
the average, observers selected 25% sucrose as the most acceptable, 
a further experiment, she showed that the type of sugar also influene 
acceptability, with the descending order of preference being suc 
lactose, glucose, and maltose. Unfortunately, she did not obtain nun 
cal estimates of the degree of sugar pleasantness. Ekman and АМ 
(1964) and Kocher and Fisher (1969) reported some pilot studies ¢ 
did assess the magnitude of pleasantness. Ekman and Akesson sho 
that there are large individual differences in the acceptability of sucro 
solutions, although the group results suggest that sugar pleasantness 


function was monotonic rather than shaped like an inverted V. 
The present study assesses the relation between sweetness, pleas 
ness, and concentration. ‘Magnitude estimation,’ or free number 
ing, was used to obtain the functional relation between the concent 
tion and the perceptual and affective dimensions. The method of d 
scaling of taste magnitude has also been used successfully by several 
the above-mentioned experimenters to determine the relation b 
sweetness and concentration. 


METHOD 


—Stimuli and procedure—In seven experiments a total of 32 sugars 
scaled for both sweetness and pleasantness. The judgments of each dime 
were obtained on alternate days from different groups of observers 
from a pool of 63 volunteers. In the eighth experiment 12 observers jW 
the sweetness of 10 additional sugars, and in the last experiment 13 observe 
judged the sweetness of glucose and tagatose. Table 1 lists the cone 
tions of the sugars, as well as the conditions of the experiments. 


АЙ sugars were reagent grade н Sas hale — 
ull, and solutions were prepared mixing amounts of майы 
with dutilled water until the appropriate molarity was obtained. In most af 
the experiments the concentration of the stimuli formed a geometric wequemoe, 
wth б ratio of the progression being 2:1. The solutions were 
макі in small paper (34-02 souflé) cups, each 5-7 ml of 
which were arranged in irregular order on a lazy susan. The observer 
the stimuli and recorded his estimates on the answer sheet ld C21 
Misioni were served at room temperature ( = 
eg), but when not in use they were о me decomposition. 
lore cach experiment the solutions were left ре for 48 
lerr in order to allow for а mutarotational equilibrium to be established. 

The observers were given these written instructions: 


In front of you is a series of solutions in paper cups. Your task is to 
tell how sweet [or pleasant] they seem by assigning numbers to 
them. If the second stimulus is eleven times as sweet [pleasant], 
then assign it a number eleven times as large; if it seems one-nine- 
teenth as sweet [pleasant], then assign it a number one-nineteenth 
as large, and so forth. Use fractions, decimals, and whole numbers, 

make each assignment proportional to sweetness [| 1 
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Observers who had never participated before in experiments in direct 
tubing of sensory magnitude were trained in the use of number m 
br being shown different line lengths and circular areas and given imtruc- 
tees to match numbers to these stimuli in proportion 
‘Ppurent area. Observers continued to assign numbers 
til they understood the technique of number matching. 

There were no time limitations on the experiment, except 
m told to rinse their mouths fully between trials Pre cough в 

а preceding stimuli. Most observers proceeded n 
Sut they completed the sessions within 15 to 20 min. Experiment IX re- 
Wired about 5 to 10 min. 


a. absis of the magnitude estimates—Since the magnitude 
the observers were not restricted to a given modulus (к eget 
Smalization was needed in order to standardize the modulus 
> eed in a of the experiments. For adi 
ying each of his j 
х" factor that made uem of the five estimates -— 
"emaining judgments of the same observer to the other sugars 


i 
1 


t 
Hil 


these 

were also multiplied b the sume normalizing (ео. Quis 
qUie five glucose concentrations were presented 45 фене in every 
t, t served as an implicit standard acron ереен Shy 
m - this normalization procedure the magnitudes n 
e tes of ут in the nine experiments were roughly equates, Rest Qe 


ch observer in a single experiment were 
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, the ratios of estimates remained unchanged, and t 
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then analyzed with a computer program 
Stevens, 1965), revised by the author, The 
summary statistics on the distribution of the 
well as least-squares estimates of the exponent and 
power function S = fitted to the empirical geometric means 
PSYCHOFIT also provided a least-squares estimate of the cept È ol: 
exponent was fixed at a predetermined value, 
was used as the measure of central tendency because | 
estimates of '0.' The geometric mean & usua 
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observers gave 

appropriate mean it preserves ratios, but here it is an 
statistic because when one or more judgments is '0' the geometric 
automatically becomes '0." f 


RESULTS AND DISCUSSION 


Figures 1-4 present the relation between molar concentration 
median judgments of both sweetness (Figures 1-4) and p 
(Figures 1-3). Concentrations that fell below the taste threshold i 
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Fig. l. The sweetness and pleasantness of simple sugars, p 
coordinates. Straight lines suggest power functions relating 
continua to the objective continuum of concentration. 
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Fig. 4. The sweetness of tagatose, deoxy sugars, and simple sugars containing 
Seven carbon atoms, plotted in log-log coordinates. The ordinate for 2-deaxy 
galactose has been displaced upward by one log unit. 


presented in the figures. The coordinates are logarithmic for both the 
independent and the dependent variables, and the straight lines fitted 
to the data represent least-squares fits. The sweetnesses of most of the 
43 sugars investigated seem to be fairly well approximated by straight 
lines and thus grow as power functions of molarity. In most of the ex 
periments the slopes (exponents) of the different sweetness functions 
(Table 2) cluster around that of glucose. 

It should be noted, however, that the glucose exponent varies across 
experiments, from a low of .90 to a high of 1.73. Some of the variation 
may be attributed to the idiosyncratic use of numbers by different 
observers in the various groups, as well as to the presence of га 
error in the sweetness exponent determined across experiments. Stevens 
(1969a) has demonstrated that for loudness the exponent is distribu 
according to a bell-shaped curve. As a first approximation, оме 
the sweetness of various sugars may be assumed to grow approximal 
in the same manner with molarity—typically as accelerating functi 
of concentration. The exponent of 1.3 is a fairly good approximation. 
and it suggests that a 10:1 increase in molarity appears to the perce! 
to be approximately a 20:1 increase in sweetness. dif 

Several small but systematic departures from linearity occur for 


38 be 
ferent sugars. For some sugars the sweetness functions become ogival 
мез of remaining linear with concentration. Sucrose and fructose, 
however, show more marked departures from linearity at medium and 
igh concentrations, suggesting that over the higher levels they do not 
Фогт to the power law regulating the growth of sugar sweetness. 
Several other investigators also have noted that the relative sweetness 
Ҹ sucrose and fructose (compared to glucose) does not remain con- 
Mant across the full range of concentrations but decreases at the high 
ttd. Both direct number matches and matches between different solu- 

tons have shown this nonlinearity for sucrose and fructose (Moskowitz, 
Wa; Stevens, 1969b; Cameron, 1947). Also, mannose, a six-carbon 
Magar that is c losely related in structure to glucose, tastes both bitter 
tad sweet, but its sweetness function does not conform to the power 
felation determined for the other sugars, 


Regression in matching and the sweetness exponent 

The problems involved in measuring exponents have been dealt with 
At length by Stevens (1957), Indow and Stevens (1966), and Stevens 
Md Greenbaum (1966). Direct matching procedures such as magnitude 
Stimation are subject to several biases, one of which is the so-called 
gression effect, which shows up clearly when observers are instructed 
b match stimuli from one continuum (here, numbers) to another con- 
inum ( here, sugar concentration ). Observers often constrict the range 
their numerical matches, avoiding the use of extreme numbers to 

"nt the sweetness of very high and very low concentrations. One 
Tuence of this behavior is an estimate of the exponent relating the 
continua that is lower than might be expected if the observer were 
Mt biased in his matches. The constriction, which has рез eas 
ion’ because of its similarity to ‘regression toward es 
E continua that are adjusted in such matches, and not solely 
numbers, 

Stevens and Greenbaum (1968) suggested that in order to cancel out 
the bias due to constriction, the matching operation should be turned 
ч , 50 that the observer is also given control of the criterion ре 
ma, У {sume that a geometric mean of the exponents obtained 
Patches in the two directions is a better estimate of the exponent re- 
bting the continua being studied. But the technique of continuously 

Ng concentration without producing artifacts of adaptation has E 

he CCessfully worked out in taste, nor is it clear why performing 

matches in the two directions would eliminate the regression effect, 
Suggest it would, 


MOSKOWITZ | 


396 


sr 
000 ETT 
0£0* 9S'I 
EFO’ 8c 
9Fr0' Sc 
000° I9 
СРО TS 
OSO’ cr 
6F0* 19` 
000° 99° 
Teo" SUI 
830° 97% 
OSO’ rs" 
000° F6 
SPO’ 8r 
6€0* eS 
9t0* £6 
020° IST 
000° 99' 
»1d2a219jut }йәәләзи 
Boy jo 10119 ogejuso19q 
piepuejs 
rt 


uoneuaouoo рив ssouj99As BUNLA «OY = $ uorounj Jomod oy} jo ѕләәшелед ‘с o[qv], 


so St TTT Yet 666 ono 
Gad SIG чот vse’ әѕоотугу 

A ачәчиләахи 
8£'6S L80' col ese’ SSOIONS 
Is Fl OTE LET pS6: TROS. 
6L Fo vol OST L86° әзозүеуү 
EEL 860° TET 686° 9esoon[r) 

AI 3uoeumiodxq 
6г'0с 9er 9c'T 066° oue 
PEGS £08 СЕТ 666' [oarsoug 
S9'2I Ser гт £66" 9sojov[e?) 
Є8`#б LET сет 086` ason 

III эчәшиәаху 
OFS 690° РОТ 186` 9504105 
666€ 690° 66" F96: 303011 
ILL1 SOT’ GGT £66 esoutqery 
ST'c6 680° 60'T C66" esoon[?) 

II зчәшиәйхя 

ТӨТ 160° IS'T 666° asojAX-a 
19'06 LOT’ SET S16 esoqid 
£e TI G80" PIT GLO" I) 
EFF L8G" SF 0001 озот 
136% 901" IST 966° asoont) 

І зчэшпәахя 
jdoo19jut juouodxo juouodxo 3 1231$ 
AQuepoyy jo 10119 so1enbs uosieoq 

piepuvis -jsvor] 
X u 


SWEETNESS 


| 


werf "Т 9[q*.L 99s ‘saureu пу 107 
‘samy 94) 0} puodso1100 0 payrrAo1qqe yeyməwuos әле 919 srp Ш seins oq 103 soureu aq], "әзоәп[8 103 0'0 spenbə 
3Чәэләїир ay) jo 10112 prepurys ayy “Palqns qora 103 on[ea aures ayy оу pozeuuou aiam sosuodsor әзооп[8 əy} aourg 
"edo[s pursd oq; [enbo од p310} sem adojs s jenprarpur qovo зә}уе pojnduioo sem sjdoo193ut ot jo 10119 prepuejg :930N 


ser 0c ELIS cee" £9'I 666: 9soyesv 
000° SET 99'ST Tec 06 886° 9soon[o 
XI эчәшпәйху 
©80` 06" GOST ELT: 1971 £26 eso[mdeqopog 
sso" ss” £0°9G 661° 9c'I SF6' [xəs q 
60° ae OUSL 6c" LTG 666° asopnydeyouuryy 
oor” [i4 16:29 68s OL'T ESG’ әзозЧәцоәпүсу 
601° 6c “ӨТ 09с' SFT 666* 9soonq-a-gf 
SOT’ 900° ses 98a" 19'6 000°T 9soqnu-Axoo(]-; 
РЕГ 08* POF 60" g9° E87 әзопиеш-Ахоәст-@ 
060° ӨР" 0€'9T OG: 861 LL6: 9soon[3-Axoo(]-9 
£80" re" L6 96 ELT SS'T 866* 9sojoe[e3-Axoo(T-9 
FOU c9: SU9 LLE: [4:01 666° 9sojov[eS-Axoo(T-z 
000* Ly 0c'9c Let 6€T Lee" esoon[y 
IIIA qouwtedxy 
£60° 9£' LOLI 16. ƏРТ 066° 9so[AX-1 
FRO 09' PSE ILO" SFT 096° IONI[AX 
F60: LL’ GOST 09€" P8: 968' 9souvan T, 
660 ge I10'TS L9G" OST 986" [она 
6L0° Ic 82721 ©0б` €9'T L86° 9sox&q 
TOT’ c£ LS'FI see’ LET FLO 9soon -T-V 
000° 9c 10`/@ GLO OLT 886" 9soon[?) 
ПА 31ueur.tedxzq 
FLU ST’ 29'8Т LOT әво[ецәл[, 
060° 10° FI' 66 SEG 9S0JIZ9[9]A 
er 6l AUT әзотдцәрү 
8L0: oe 69'T готаз 
zs SU IET osorqo[o:) 
ruo £t ZEI точкышт 


roo ro 
SERO p A 


395 MONETE 


However, there is another matching paradigm that may effectively 
reduce the regression and thus permit a more accurate determination 
of the sweetness exponent. If the observer is instructed to match a thini 
continuum (say, sound pressure, P, which is experienced as loudness 
to both the concentration of sugar, C, and to the magnitude of mu 
bers, N; then two separate relations may be obtained, both with sound 
pressure, P, as the common modality; 


Р = C* (pressure-concentration or loudness-sweetness match), [I] 

P = N* (pressure-number or loudness-number match) , or | 

N = C** (number-concentration relation obtained by 
eliminating P) . [3 


The relation between number and concentration (Equation 3) is ade 
rived function, obtained from two empirically determined matching 
functions in which both the continua of number and of concentrates 
serve as the stimulus modalities while pressure is varied to match eade 
If the physical ranges of both concentration and number are comme® 
surate, then the constriction that occurs in the range of pressure math 
should be identical in both sets of matches. 

The use of a third modality (sound pressure) to relate the contínsi 
of concentration and number has been reported by Moskowitz ( 196%), 
who instructed his observers to match the loudness of a wide band d 
white noise (500-5,000 Hz) to the sweetness of sucrose. The exponest 
relating pressure, P, and sucrose concentration, C, turned out to be ap 
proximately 2.0, suggesting that loudness grows as the square of sug 
concentration. A good estimate of the pressure-number exponent, 
pressure is adjusted to match number, is approximately .75.' From Eque 
tions 1-3 the exponent relating concentration to number is thus appro | 
mately 75 X 2.0 = 1.5, which is higher than the 1.3 exponent obtained | 
in the present studies, The higher exponent suggests that sugar 
ness is an even more positively accelerated function of concen 
than it appears to be from number matches. 


The relative sweetness of sugars 


In spite of structural similarities and comparable rates of sweem 
growth with concentration, sugars differ in their sweetness. ™ 
sweetness of sugars can be defined by the ratio of numerical est foe 
of sweetness of two sugars at a common concentration, althou 
sugars grow in sweetness at different rates, then their relative 5" b 
will continuously change across concentrations. Table 2 presents 
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ness level of each sugar at a 1-molar concentration, which means 
Bat the assessment of sweetness is made upon the molecule of sugar, 
data 1% concentration, which means that the assessment is made 
the weight of sugar in solution without regard to the size of the sugar 
ule. Glucose can be assigned a reference value of 1.0 in both cases, 
that the relative sweetness can be expressed as fractions or multiples 
glucose sweetness, But because the sweetness functions were not ad- 
мч to be parallel in log-log coordinates, the estimates of sweetness 
Table 2 pertain only to 1-molar and 1% concentrations respectively - 
Jd cannot be generalized to other concentrations. 
| For convenience in assessing the sweetnesses of different sugars, the 
Wetness exponent was then fixed at a representative value of 1.3. When 
exponents (slopes) of the sugar functions are thus equalized, they 
mme parallel lines in log-log coordinates and their logarithmic dis- 
е (ie. their numerical ratio) does not change over the range of 
Boneentration. The method of fixing the exponent permits a single num- 
Wer to characterize the relative sweetnesses of different sugars. Figure 5 
iw the relative sweetnesses of various sugars in parentheses, in which 
left-hand number represents sweetness at 1 molar and the right- 
4 number represents sweetness at 1%. 
Figure 5 represents a ‘tree structure’ of sugars, with sugars at the same 
wel (e.g. C; or Cs) being closely related and derived from the sugars 
fectly below them. For example, the six-carbon sugar galactose (Ce) 
derived from the five-carbon pentose sugar, lyxose, which in turn is 
lved from a lower sugar containing four carbon atoms. The branches 
Me side and tilted 45 deg are both sugar alcohols (e.g, dulcitol) pro- 
ed by changing the aldehyde group CHO into the form 
ШОН, and deoxy sugars obtained by removing an oxygen atom from 
* Parent sugar (e.g. fucose and the deoxy galactoses). Glucose has 
"en Кее а reference value of 1.0, and all sugars have been mea- 
„relative to the sweetness of glucose. 

“© compound sugars occupy the upper portion of Figure 5. These 
and trisaccharides are obtained when two or three simple I 
monosaccharides) are joined together in one or another manner. 
ination may be homogeneous between two glucose molecules (c.g.. 
“se, cellobiose, and turanose ), or it may be heterogeneous cum 
Similar molecules (e.g., glucose and either fructose or galactose). 
и! may be between different carbons of the sugar ring (e. E 
w^ atoms numbered 4 or 6), and in addition the bond can be ei 
. © ог В forms, which differ only stereochemically. The parentheses 
sate what link binds together the constituent monosaccharides, 


7 
1 TAGATOMELTRJT FRUCTOSE (205-200) — SORBOSETUO ANO 
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Cg ERY THRITOL( 67-120!) 


Cg—GUCEROL (27.88) 


Fig. 5. Relative sweetness as a function of chemical structure. The 
к represent relative sweetness at 1-тоЇаг (left-hand 

1% (right-hand number) concentrations. Glucose has been 4 
reference value of 1.0. Vertical lines indicate that the higher suga 


derived from the lower one; lines tilted 45 deg indicate that the sug 
a sugar alcohol or a deoxy derivate of the parent sugar. : 


Several systematic changes in relative sweetness occur 
ture of the sugar is changed or the combination of sugars 


1. Per molecule the five-carbon sugars are less sweet than 
ones, although per gram the ordering of swectness is 

2. The primary effect of reducing an aldose sugar to its sug 
derivative is to reduce sweetness. м 

3. The ketose sugars, having the ketone group (C=O), a 
sweeter than the aldoses having the aldehyde group. 

4. The presence of the furanose form of fructose increas 
considerably (for fructose and sucrose), but it also ap 
to a departure from the simple power relation gover 
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$ The seven-carbon sugars appear to be about as sweet or somewhat 
sweeter than the six-carbon sugars, 

& The link between the constituents of an oligosaccharide partially de- 

termines its relative sweetness, especially in combinations of two dif- 

ferent sugar molecules that form heterogeneous disaccharides. On the 
other hand, for homogeneous combinations of two glucose molecules 
the type of linkage does not appear to be as crucial. 

Sucrose and lactose each appear to be sweeter than their constituents, 

although sucrose sweetness appears to be more nearly the sum of the 

individual glucose and fructose components. гн in sweet- 
ness, which suggests partial or full additivity of the component sweet- 
nesses, does not appear to hold for raffinose, turanose, melezitose and 
melibiose, which are far less sweet than might be expected from the 

Sweetnesses of their constituents. 

& As a first approximation the three homogeneous disaccharides, each 
of which combines two glucose molecules, appear to be about as 
Sweet as a single molecule of glucose, suggesting that only half of 
the compound molecule effectively stimulates the taste system. 


Other estimates of the relative sweetness of sugars have been reported 
by Moskowitz ( 1970a), who has tabulated several values reported in the 
Berature, In that article, sucrose, rather than glucose, was the refer- 
“хе sugar, 

Figure 6 presents the relative sweetness of several sugars as a func- 
«n of the representative exponent chosen for sugar sweetness. The 
relative Sweetnesses of sugars do not change across different represen- 
tative exponents if the sugars are presented at the same five concentra- 
ons as the standard five glucose levels (that is, at molar concentrations 
Й 125, 25, 5, 1.0, and 2.0 respectively). Those sugars presented in 
Figure 6 Were presented in different concentrations, however, and there- 
fore their sweetnesses vary. The functions are plotted in semilogarithmic 
“ordinates and allow for extrapolation beyond the limits of 1.1 and 15. 

estimates of sweetness thus permit a revaluation of representative 
*eetness values if the taste exponent for sugars is changed from 1.3. 


The Pleasantness functions 


Judgments of the pleasantness of sugars are indicated in Figures 1-3 
dashed lines connecting the filled markers. Unlike sweetness, ie 
ntness functions of sugars do not appear to be monotonic goa 
tration; rather, they systematically depart from linearity at 
“mes of concentration, Several of the sugars first increase in accept- 
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Fig. 6. The relation between representative exponent for sugar SW 
the relative sweetness of sugars. The sugars presented in this figu 
sessed at concentrations different from the standard five levels of gl 
therefore their relative sweetnesses across different representative 
do not remain the same compared to glucose. 


ability with concentration and then decrease. This break is 0 
most of the sugars except the pentoses, which continue to} 
pleasantness with concentration. Mannose, which is both 
sweet, is the least pleasant of the sugars, but the removal of 
atom to obtain rhamnose produces a sugar that is both. 
pleasant. 
Another way of analyzing the relation between sweetness 
antness is to consider, for each concentration, the pleasant 
ment as a function of the corresponding sweetness judg: 
is shown in Figure Т, which represents the sweetness-pleast 
tion for three families of sugars. The coordinates аге 10-0 
straight lines were fitted by a least-squares procedure. 
lating log pleasantness to log sweetness ranges between .9 à 
gesting that the apparent pleasantness of a sugar grows £ 
cube root and the square root of its apparent swectness. At 
ness levels the pleasantness of sugars begins to decreas 
sequent increases in sweetness—a decrease similar to that 
Engel (1928). 


۹ 
} 
~ E 
z $ 
HE: 
2 5 
- €" 
$ 
+ 
* 
E 
= 
[ + 
- Commits SOGAEE ae 2 
+ e ETUR 
£ NE uL 
- AM. ^5 


3 , 1 , = и = = 
SWEET 
Fig. 7. The relation between pl t of su and sweetness of sugars. 
atio pleasantness gars 
Fach point is the median judgment of both sweetness pleasantness of a 


and 
tingle concentration of sugar. The coordinates are log-log, and the slopes 
tange between .3 and .5. 


Figure 7 may be used to calculate 'trade off relations between sweet- 
tess, pleasantness, and concentration. For example, one can assess the 
ес on pleasantness of increasing or decreasing sugar content, as well 
“Measure the change in acceptability occurring when one sugar is sub- 
Мише for another. In addition, Figures 1-4 and 7 show the range of 
‘nterconvertibility of sugars that will maintain either sweetness or ged 
antness. The results were obtained for aqueous solutions азо, Ю 
Specific food items would have to be investigated to generate 
data for foodstuffs. 


Variability in direct number matches y 

Despite their slope diffe both the sweetness and pleasantness 
. slope differences, x 
judgments exhibit roughly the same magnitude of variability. Figure 
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8 shows the interquartile range of the logarithms of the numeriedl 
matches, which corresponds to the interquartile ratio of the matchs 
themselves. The data were first normalized to adjust the moduli of is 
dividuals to the common group modulus, and the interquartile range 
was then computed, All interquartile ranges must be 0.0 or greater, and 
thus all interquartile ratios must be 1.0 or more. An interquartile ratie 
of 1.0 means that the judgment corresponding to the 75th percentile & 
the same as that which corresponds to the 25th percentile. An inter 
quartile ratio of 5.0 means that the 75th percentile is five times the 
25th, and so forth. Across both the sweetness and. pleasantness scale 
the variability of the logarithms of the matches tends to remain coe 
stant, suggesting that the scatter generated by number matches is pre 
portional to the magnitude of the number match. 
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Fig. 8. The variability of magnitude estimates as a function of the magnitude 
of sweetness and pleasantness. The coordinates аге log-log. 


Notes 


Eugene Zanella prepared the stimuli and helped in conducting the expe 
ments; Phipps Arabie read the manuscript and gave many helpful suggestions 
Received for publication August, 1970. 

1. $. S. Stevens, 1969, personal communication. 
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ANCHORING EFFECTS IN 
PSYCHOLOGICAL SCALING 


H. J. A. Rimoldi, M. B. Donnelly, and W. J. 
Loyola Unicersity, Chicago 


Laack 

When 122 subjects ranked 15 value statements in all 105 possible pairs from 

0 to 100, as compared with when they ranked the same 15 statements from 
V to +4 by the successive-intervals method, а anchoring effect 

жаз found for only 7 of the 15 stimuli. In all 7 cases, the slope was negative 
negative contrast effect) and the stimuli of low affective value. 


Anchoring and contrast effects are rather old and well-established 
concepts (for a summary, see Guilford, 1954). One example is the work 
by Volkmann ( 1936), who found that when subjects rated the degree 
of inclination of a line of light, there was a shift in the scale values 
toward the anchoring stimulus (either real or imagined) upon its in- 
troduction. Cohen (1937) had subjects rate the pleasantness of odors 
on à seven-step category scale. In the first part of his experiment, 15 
stimuli were rated. In the second part of the experiment, 6 unpleasant 
odors were added. These 21 stimuli were then rated. It was found that 
there was an upward shift in the values assigned to the 15 stimuli used 
in the first part. Postman and Miller (1945) obtained similar anchoring 
effects when they had subjects make temporal judgments, Their major 
findings indicated that subjects need not be informed of the presence 
of anchoring stimuli and that the stimuli he. the — 8 stimuli 
in affective value are more affected than are the remote 

More recently, Heerman, Bartlett, and peto dune 
“rated anchoring effects in the scaling of occupa: 
of-variance approach, they found that the scale values assigned to five 
Stimuli of moderate value were lowered in the presence of five high 
anchors and raised when the subjects were presented with five tet 
anchors. In a different context, Hicks and Campbell (1965) found м 
Stimates of zero points were markedly affected by anchoring — 
When subjects rated (a) desirability of birthday gifts, (b) traffic that 
lions, and (c) behavioral symptoms. However, Jones 1967) found 


effects could be greatly reduced by using а log-normal model 
(Case VT), 
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While these results are rather clear-cut and consistent, the problem 
of interpretation remains. That is, do these results indicate some psy- 
chological phenomenon? Or are they simply results of the scaling pro- 
cedures, as has been suggested by several of the authors cited above? 

The typical approach in these experiments has consisted of having 
the subjects rate n stimuli in m categories, adding to these a new set 
of n, stimuli, and then having the same subjects rate the n + n; stimuli 
in the same m categories. However, the change in scale values obtained 
under this procedure might be an artifact independent of the true affec- 
tive value of the stimuli. More simply, the n stimuli might just have had 
to ‘make room’ for the n; new stimuli, with a resultant shift of the origi- 
nal scale values, 

The purpose of the present study was to examine whether stimulus i 
influences the affective value assigned to stimulus j when subjects are 
aware of the entire range of stimuli to be rated. The anchoring effect 
was analyzed using the concept of independence. That is, if the scale 
value of a stimulus does not change when presented with another stim- 
ulus, then the stimuli may be considered independent. In this case no 
anchoring effect will be observed. If, on the other hand, a stimulus does 
change upon the introduction of some other stimulus, we may say that 
the affective value of the original stimulus is dependent upon the added 
stimulus. In this case the anchoring effect will appear. This work began 
in 1955 and several articles have already been presented (Devane and 
Rimoldi, 1960; Donnelly and Rimoldi, 1967). In fact, a preliminary re 
port of this study appeared some time ago ( Devane and Rimoldi, 1961). 


METHOD 


—Subjects—The subjects were 122 men and women, college students доз 
several introductory psychology courses. 


—Procedure—Fifteen value statements were prepared using the Spranger 
and the Allport-Vernon descriptions of ideal types of value systems. T 
value statements were presented to each subject in a booklet including four 
sections. The first section, part A, consisted of 105 pairs made by combining 
the 15 single statements in all possible pairs. Each subject was instructed t0 
assign any value between 0 and 100 to cach member of the pair in accordant! 
with his degree of agreement with the statement, The subjects were SP 
cally instructed to assign these values only after reading carefully each e 
ment in the pair. They were told not to use the extreme values unless wi 
felt complete agreement or disagreement with the statement. Part B consis 
of the same 105 pairs, but the subjects were instructed to assign to each po^ 
ment in any pair any value between 0 and 100, provided that the sum 0 


O 
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values added up to 100. This is the constant-sum method. Other instructions 
were similar to those in Part A. In Part C, the subjects were asked to give a 
value from 0 to 100 to each of the pairs as such. The last section, part D, 
consisted of the 15 single statements, which the subjects were to rate using 
the successive-intervals method (Rimoldi and Hormaeche, 1955). The range 
of categories was from —4 to +4. 

Parts A, B, C and D were administered in the same experimental session, 
The order of presentation of the 15 single statements (part D) and of the 105 
pairs of statements (parts A, B and C) was random but identical for all sub- 
jects. The results obtained in parts B and C have been reported elsewhere 
(Donnelly and Rimoldi, 1967) and are not repeated here. 


—Design of the study—Let X,,;, be the score assigned by subject p to stim- 
ulus j, where p —1,2,..., N and j = 1,2, ..., n. Let Xpy j © i, be the 
value assigned by subject p to stimulus j in the presence of stimulus i. If 
Хро = Xp, we may conclude that j and i are independent, in the sense 
that the presence of i does not affect the value of j. 

In part A there were n(n — 1)/2 pairs of stimuli. For every (j/i) combina- 


tion we obtain 


pe 

3 Xpo 

EX = Mum 79. n 
The notation M, у refers to the average value of stimulus j when judged in 
the presence of stimulus i. In general, the i subscript identifies the condition 
under which stimulus j is judged, where the condition is defined in terms of 
the affective value of stimulus i. Thus each one of the 15 statements fune: 
tioned both as a stimulus in a particular condition and as a condition for the 
other 14 stimuli. For example, in the pair in which stimulus 5 and stimulus Я 
Were rated, two M,,,;, values, M5», and M (2/5), were obtained. That is, we 
obtained the value of stimulus 5 when paired with stimulus 2 пляне 
of stimulus 2 when paired with 5. 

Since each M у value is based on the same N, averaging the Музу values 

for all the t's, we obtain 


> Мул) 
i= : К 2 
ee (i ]). [2] 


mn of the 15 stimuli was also judged using the successive-intervals approach 
of part D. 

The entries in the cells of Table 1 correspond to the Mu) values as de- 
med in Equation 1 and obtained from part A. Table 1 is not symmetrical, 
since M,,,,, may be different from M up. The entries in the row Vector оу 
describe the mean values assigned to stimulus j under each of the conditions, 
So that оу = (M4), M joy. » Magny)» Systematic changes in the entries of 
any of these с j vectors may ‘then be referred to as demonstration of an anchor- 
Ing effect. The effect is defined in terms of changes in M gz) as û varies im 
affective value. 
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Table 1. Data model 


Condition 
Stimuli 1 2 ete oa. г 6 y 8 
а Mia Mya Mi My, M, 7a ô, 
Qa Moy M» Мән M», M» "Oy ô: 
аз Ms, Мз Мзд Maj, Ms аз ô; 


j "a; ô 


j/n 


M, са & 


а, Man Мм Мз M Mn, M, "Qn 8, 


nfi п/п 


8 9^ 8ِ 9^ 8 o, 


' The entries in column 8 of Table 1 define a vector of M; values as defined 
in Equation 2. These M; values are used as estimates of the diagonal entries 
in Table 1; that is, Mj; where j =i. The entries in column y correspond 
to the standard deviation of the entries in each a vector. They are indices of 
changes in the value of a fixed stimulus j under all conditions. 


of the scale value for each of the n stimuli, These were obtained from part D. 
These values are designated by either б, /—1,2,..., 
-+ +»); б, is used whenever we are referring to an independent estima 
the affective value of the stimulus being judged, while 6’; is employed to 
define the condition under which stimulus j is presented. That is, each con- 
dition is defined in terms of an independent estimate of the affective value 


i condi- 


If all the entries of vector at; are identical, then the effect of the d that 


tions on stimulus j is null. If this is not the case, it may be hypothesize 
us value given to stimulus j varies with the i conditions. The question 1% 
Whe is the functional correspondence between the affective value of the 
various i conditions and the scale values for each fixed j? This correspo 
dence can be examined by plotting each of the о vectors Миу for a fixed aj 
against row 6'. ы 


x И ; and 
À Assuming a linear model, the relationship between ар fora fixed j, а" 
5’, can be stated as 


- 
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Mi „ = 26, + Cj, [3] 
where с, and b are constant such that 
c; — а; +k, [4] 


where a and k are constant. 

If b = 0, then the value of stimulus j in the presence of i is the same for 
all i conditions; that is, My) = að; + k for all їз. If b is positive, then the 
affective value of M, у, increases as the value of i increases (positive anchor- 
ing effect). Finally, if b is negative, the value of М, уду decreases as i increases 
negative anchoring effect). 

It is of interest to know which j stimuli are similarly affected by the differ- 
ent i conditions. For instance, let the stimuli be j and k. Then the correlation 
between the M, yi and Mpa values for varying #5 provides an indication of 
the relationship between j and К. Estimations of these correlations were ob- 
tained for all the n(n — 1)/2 combinations of the а vectors. 


RESULTS 


Table 2 presents the experimental results according to the model set 
forth in Table 1. The relationship between the category means M,, from 
column 6 of Table 2. and the ô; values obtained from part D is given 
їп Figure 1, together with the pertinent statistics, 


Correlation = . 992 


“koo: L, 


Fig. І. M; versus 8; 
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„^ч and 3 the Hoes of best Bt obtained by plotting the o 

a, vector against the corresponding entries of 8° are given. 

one of these lines indicates how the M.u, values (for a ved f) w 

affected by the various i conditions. The slopes of these lines amd $ 

corresponding correlations are given in the last two columns of Table? 

Notice that seven of these slopes are significantly diferent from à t 
zero. 

In Figure 4, the 8, scale values are plotted against the corresposdnt 
slopes given in Table 2. Notice that the slopes that are significant 9 
negative and occur in those stimuli of low affective value. Figure 5997 
sents the relationship between the dispersion within cach of the а 
tors, as given in column y, against the corresponding 5, value. The f 
propriate statistics are given in this figure. Note that there is a tend 
for those stimuli of low affective valuc to have a greater vari 
their M,,,, values. 
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trot аз 


| 
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Fig. 2. a, versus & 
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Table 3. Intercorrelations of а vectors 


a aft all a10! ast a2! 

aû! 
all T53* 
a10! 3° 532° 
PI 615° 233 169 
a2! 631° ATO 4904 710° 
a?! 555° 485 346 539° 392 
att 753° 776° 460 261 483 м 
ad 304 A61 167 380 208 Ld 
al5 .324 241 —.195 615° 112 Ld 
a3 431 .008 204 157 015 -ж 
a13 —.172 -423 —.388 391 237 re 
a5 197 536* 543° —249 171 con 
а14 —.038 —.088 —.338 146 171 эю 
all 020 —.354 —419 139 —197 -lié 
«12 —.147 —314 —.100 ~214 062 Led 
*p > .05. Y Significant contrast effect for this variable. 

100 

во 

60 

“| 
40 
20 
о 
i ао -5 o 5 Lo 15 


| 


wee orcs 4m 


+ 


a al5 a3 al3 аз alt al! 


213 
03$ - 021 
208 373 108 
352 — 450 388 -517 
145 057 235 216 — 208 
~072 161 .000 —078 -632* 472 
7491 —073 —.352 —410 - 29 353 ET) 


ө. ripe significant tom O 


et Relationship between 5, values and the corresponding slopes (а, 
8) indicated in Figures 2 and 3 
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Fig. 5. Relationship between 8, and y(or,) 


The correlations between the entries in the a vectors are presented | 
in Table 3, where the a vectors have been ordered in terms of the sig 
nificance of their slopes. Notice that the variables that have lower scale 
5, values tend to be significantly correlated among themselves. 


DISCUSSION 


(see Figure 1) is of interest on several accounts. It indicates that the 
different methods used in parts A and D give very closely related esti 
mates, in spite of the different presentations and instructions given 9 
the subjects. The linear relationship obtained between the M; and à 
values is an indication that the values obtained in part A are am 
distributed (Rimoldi and Devane, 1960). On the basis of this finding 
it would have been possible to use the M, values for the discussion ^ 
follows; however, we prefer to present scale values obtained using - 
dependent experimental operations, as was the case in part D. Nevet: 
theless, exactly the same pattern of results was obtained using the 
gory means (M,) of part A, though these are not presented here. d 
The lines of best fit obtained by plotting the entries in the r9"* 
Table 2 against the corresponding 6’, values are approximately Шу, 
except for аз. Some of the slopes are positive, though not sign! 10 
different from zero. The negative slopes for stimuli 1, 2, 4, б, 7, $ and 


The high positive linear relationship between the 5, and M, vals 
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we significantly different from zero beyond the .05 level, The slope in 
thew graphs may be interpreted as the change that occurs in the М.м 
values when subjects are judging stimulus f in the presence of the vari- 
em f. A negative slope can be interpreted as indicating that the values 
жәй ч to j under the various į conditions decrease as the scale value 
corresponding to condition i increases. That is, if condition f has a high 
sule value, the value given to j is lower than when i has a low value. 
This inverse relationship is referred to as a negative contrast effect, A 
оре of zero indicates that the value of j is unaffected by any f союш 

| Son, while a positive slope indicates that the value assigned to / increases 
м the scale value of condition i increases. 

By these criteria, a significant effect was found for only 7 of the 15 
stimuli. In all these cases, the slope was negative (negative contrast 
tect). The stimuli for which a contrast effect was found were all stimuli 
of low affective value. Stimuli of higher affective value were relatively 
smaffected by the i conditions. Inspection of Figure 4 seems to show a 
Positive relationship between the value of the slope and the scale value 
of the stimuli. Furthermore, a biserial correlation of —.88 was obtained 
between the ô; value and the presence or absence of a significant con- 
fist effect. 

Figure 5 seems to show that the values 8, are negatively related to the 

ion (7.,) of the M; values. This result can be interpreted in 

tems of the contrast effect. If a stimulus is affected differently by the i 

®aditions, then we would expect a greater dispersion in the АГ, yo values 
than in those stimuli that are not affected. 

The results in Table 3 further support the above results. Notice that 

sub-matrix corresponding to the intercorrelations between those a 

"чогу in which a contrast effect was detected contains all positive cor- 
tions, most of which are significant beyond the .05 level. The remain- 
entries in this table do not seem to follow any clear pattern, nor do 

Many of them approach significance. The significant positive correlations 

“dicate that the i conditions had similar effects on all of the j stimuli in 
У а contrast effect was detected. The lack of significant correlations 
«be rest of the table indicates that the i conditions did not produce 
r effects on these stimuli. 

и summary, our findings suggest that only the stimuli at the lower end 
scale were significantly affected by the presence of other stimuli. 
lly, their affective value was decreased when they were pre- 
, With stimuli of higher value. This is further verified by the fact 
i timui of low scale values had greater dispersions over the i condi- 

than did stimuli with high scale values. Nevertheless, it does not 
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follow that stimuli with high dispersions necessarily show a linear con- 
trast effect, as was demonstrated by stimuli 3, 5, and 9. In the case of 
stimulus 3, it was found that by plotting the M44, values against the 
8, values, a nonlinear relationship was obtained. It is interesting that 
statement 3 was the only disjunctive statement in the set—which fact 
may account for this result. 

Thus, in terms of our original hypothesis, and for these data, the fol- 
lowing conclusions may be posited: first, that if 8; corresponds to a stim- 
ulus of low affective value, the probability is that b in Equation 3 will 
be negative; and second, that if 5; corresponds to a stimulus of moderate 
or high affective value, the probability is that b will tend to zero. That 
is, the affective value of moderate and high stimuli is independent of the 
i conditions, whereas this is not true of stimuli of lower affective value. 

Unfortunately, the 8; values (or M; values) given in Table 2 show that 
the original stimuli tended to define two clearly separated groups: one 
with low scale values and the other with high scale values, so that the 
middle range was not clearly represented. It will be appropriate to in- 
vestigate contrast effects by using the concept of independence and a 
set of stimuli more evenly distributed throughout the whole range. 

It should be noted that we could have interpreted the data in terms 
of a fixed i and varying os. In typical experiments in this area, this is the 
usual way to analyze the data. In fact, the data were analyzed from this 
point of view; these analyses were not presented because they indicate 
exactly the same results as those we have just reported. However, the 
interpretation becomes more complex. 

These results may have application in the areas of public-opinion poll- 
ing, advertising, market research, politics, and so on. That is, if we cam 
generalize from our results, it may not be the most effective policy (0. 
present a person or object of low affective value with one of high value 
if we are trying to ‘sell’ the one of low value. Also, an object or person 
with a ‘high value’ may not be enhanced by juxtaposition with objects 
or persons of low or equal value. 


Notes 


Dr. Rimoldi is now the Director of the Centro Interdisciplinario de Investiga- 
ciones Científicas y Técnicas (CIIPME) of the National Research сой р> 
Argentina and the School of Sciences, University of Buenos Aires; апо =. 


Donnelly is now at Wayne State University. Received for publication Mare 
9, 1970; revised. 
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A METHOD TO ASSESS CHANCE ALTERNATION 
LEVELS IN THE FORCED-TRIAL PARADIGM 


Hunter College of the City University of New York 


Improper estimation of chance alternation levels in the forced-trial paradigm 
has undoubtedly led to incorrect conclusions about the amount of spontaneous 
alternation present in this paradigm as compared to chance and as compared 
to the free-trial paradigm. A method that may be used to obtain the chance 
level of alternation in the forced-trial paradigm is proposed. 


Consider an experimental paradigm consisting of one or more widely 
spaced trials. Each trial is made up of two successive runs in a two- 
choice situation, such as a T-maze. It has been found that animals, 
whether rewarded or not, tend on the second run to choose the alterna- 
tive opposite from their first choice ( Dember and Fowler, 1958). The 
excess of alternate responses over the chance level has been termed spon- 
'aneous alternation. This phenomenon has been studied in two types of 
Situations, referred to as the free-trial and forced-trial paradigms re- 
spectively. In the free-trial paradigm, the animal gets two free runs. In 
| the forced-trial situation, on the first run the animal is required to make 

à preselected response (e.g., one goal arm may be blocked off, forcing 
the animal to the other arm ), while on the second run the animal is given 
a free choice. 

A good deal of research has been done using the two paradigms. Un- 
fortunately, the forced-trial paradigm has generally been thought to 
have the same chance level of alternation as the free-trial paradigm. 
This has led such researchers as Hughes (1966) and Thompson (1962 ) 
to make direct—and invalid—comparisons between alternation levels 
in the two paradigms. Even Dember and F owler (1959), who were con- 
.. Cerned with appropriate measures of chance alternation in the free-tri 
| ase, compared the chance levels of alternation in the free- and forced- 

trial paradigms as though they were identical. F urther, there has never 
been a reasonable attempt to conceptualize the forced-trial paradigm or 


9 develop a general procedure for obtaining alternation in the forced- 
trial case, 


t 
| Susan Karp Manning 
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To begin with, most early studies and some current ones (Still and | 
MacMillan, 1969) assumed the chance level of alternation to be 5 for 
the free-trial paradigm. Much research has shown, however, that in a 
two-choice situation, such as a T-maze, many factors can cause animals 
to choose one side consistently more often than the other. Animals ne 
liably choose black stimuli more often than white ones, freq de- 
velop so-called position preferences, and may even show for 
such stimuli as the odor of peppermint over that of pipe tobacco 
( Douglas and Isaacson, 1965). 

Since the opportunity for the development of choice inequalities is 
common in experimental situations ( due to the use of differentiated goal 
arms or to other factors inherent in experimental settings), Dember and 
Fowler (1958) pointed out that the assumption of a .5 chance level of 
alternation is frequently inaccurate for the free-trial paradigm. They 
reasoned that an animal with a .8 right position habit would be 
to go to the right arm of a maze 8 of the time on each of the two free 
trials if the trials were independent ( i.e., if the performance was chance), _ 
Thus the probability of alternation for such an animal would be the — 
chance probability of a right response followed by a left response. In” 
this case, that would be (.8 X .2) + (.2 X .8), or .32. 

Using a more precise notation, let us arbitrarily designate the two - 
choices available to the animal as M and O. Assume the probability 0 
choice of alternative M to be m, of alternative O to be 1 — m. Thus the 
general formula for expected alternation in the free-trial case 
т(1 = т) + (1 — m)m. [ 

In their use of this formula, Dember and Fowler, and others follo 
their lead, assessed the probability of choice of M (and O) by 
the proportion of choices on free first runs over the total number 
choices the animal makes. Since a sample proportion is an unbiased e 
mate of a population proportion (Sanders, 1958), this may be assur 
to be a reasonably valid measure of m, depending, of course, on th 
number of trials used for estimation for its accuracy. Further complica 
tions in assessing chance alternation in the free-trial paradigm have bee 
pointed out by Koppenaal (1962); they are not discussed here becaus 
they are not related to the forced-trial situation. Е: 

This analysis of the free-trial paradigm has elements of importance fe 
the forced-trial paradigm, but it does not correctly analyze, or prov! 
the correct method for assessing, chance levels of alternation in tW 
forced-trial situation. It is true that, as in the free-trial paradigm, 
chance level of alternation in the forced-trial situation depends in p: 
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on the previously defined quantity m. However, still another parameter 
is relevant here, 

Let us define f as the proportion of runs that an animal is forced 
toward m. Accordingly, forcing toward O occurs on a proportion of 
runs equal to 1 — f. Note that f is a constant, predetermined by the ex- 
perimenter. Thus it is known, not estimated. For example, if the ex- 
perimenter forces the animal to the black (M) side of a T-maze three- 
fourths of the time, then f = .75. Since the probability of alternation in 
the forced-trial paradigm, as in the free-trial paradigm, is equal to the 
probability of a response to M being followed by а response to O plus 
the converse, the chance alternation in the forced-trial paradigm is thus 


fim) (1 — m) + fl — m) (1 — m) + (1 — f) (1 т) (т) + 
(1 — f) (m) (т), 
orf(l-m)* m(1—f). [1 


Given Equation 1, we may see, for example, that an animal with 
a preference for M that differed greatly from 5 would have a chance 
level of alternation that is low if forcing were in the direction of the most 
frequent choice, and high if the reverse were true. In the extreme case, an 
animal that always chose M would never alternate if forced toward M, 
and would always alternate if forced toward O. Intermediate values 
of f and m produce intermediate results. An f of 5 always leads to 5 
chance alternation. This and other situations may be easily derived by 
examining and working with Equation 1. 

The difference between this method for the forced-trial paradigm and 
that for the free-trial paradigm may be illustrated with the following 
example. Assume a single animal with a known 7 preference for the 
black side of a T-maze (side M). If this animal is forced toward black 
half of the time and toward white half of the time, the chance level of 
alternation is .5 using Equation 1. Using Dember and Fowler's pro- 
cedure and equation, the expected alternation for free-trial animals is 
42. Thus, direct comparisons of relative alternation in the two paradigms 
may not be validly made. Many other examples are 

The analysis above is described in terms of a single animal. But unlike 
the equation for assessing alternation in the free-trial paradigm (Kop- 
penaal, 1962), Equation 1 is also valid for predicting group alternation 
even when individual preferences for M vary. The value of m for each 
subject may be obtained, and a mean or group m then calculated. Pro- 
vided that f is constant for all subjects, this mean value may be used 
to obtain the chance level of alternation for the group. 
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It is thus suggested that future research involving the forced-trial 
paradigm use Equation 1 to assess the chance level of alternation, espe- 
cially when it is of interest to know whether alternation is ‘significantly’ 
different from chance. It will also be important to take into account the 
differing chance levels of alternation when the free- and forced-trial 
paradigms are to be compared. 

It should be further noted that chance alternation in the forced-trial 
paradigm depends on m as well as f. Thus in all cases other than an 
equal proportion of forcing to both M and O (f = .5), it will be neces- 
sary to get estimates of m. This may involve giving the animal inde- 
pendent (spaced) free trials in addition to the forced ones. 


Notes 
Received for publication April 7, 1970; revised October 26, 1970. 
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ATTRIBUTE-RESPONSE CORRELATIONS 
IN CONCEPT ATTAINMENT 


Richard L. Gottwald 


Yale University 


The attainment of three concepts was studied with all irrelevant attributes 
uncorrelated, or with up to two irrelevant attributes partly correlated, with the 
responses. The correlated irrelevant attributes increased trials to criterion or 
led to new solutions based on these attributes. All-or-none learning was 
evident when individual attributes (relevant or irrelevant) had zero or 
perfect correlations with the responses, but not when one or more attributes 
had intermediate correlations. Almost all the subjects’ solutions used com- 
binations of affirmations and conjunctions rather than disjunctions and other 
complex rules that would also have been correct. 


The concept-attainment task requires that the subject learn to assign a 
set of responses to some larger set of stimuli. Usually the stimuli vary 
along several discrete attributes and the subject is expected to learn a 
rule involving one or more of these attributes to assign the responses to 
the appropriate stimuli. Most concept-attainment experiments involve 
two classes of attributes—relevant and irrelevant. The relevant attributes 
are those that are pertinent to the conceptual rule. The irrelevant attri- 
butes are those that are not pertinent to the conceptual rule, and usually 
they are orthogonal to both the responses and the relevant attributes. 

It is not necessary, however, for irrelevant attributes to be orthogonal 
to the responses, and frequently in real life the irrelevant attributes are 
partly correlated with them, Several investigators have manipulated the 
magnitude of the correlation between the irrelevant attributes and the 
responses, but the results are inconsistent. Bourne and Haygood (1960) 
varied the correlation of an irrelevant attribute ina single-attribute two- 
response concept. They found that an increase in the correlation pro- 
duced a decrease in both number of errors and trials to criterion. But 
Gormezano and Grant (1958) and Abraham, Gormezano, and Wiehe 
(1964) varied the correlation of an irrelevant attribute in the four- 
response Wisconsin Card Sorting Test and found that an increase in 
the correlation had no effect on number of errors but did increase trials 
to criterion. 


495 
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The present study was designed to further investigate the changes in 
concept attainment produced by having irrelevant attributes correlated 
with the responses. Further, the studies described above used concepts 
involving a single relevant attribute, and in such concepts the relevant 
attribute is perfectly correlated with the responses. In certain other con- 
cepts, the relevant attributes are not perfectly correlated with the re- 
sponses. Since it is thereby possible that the effects of the correlated 
irrelevant attributes are affected by the correlation of the relevant attri- 
butes, it was also decided to use several different concepts to achieve 
generality. 

For an example of how the correlation between relevant attributes and 
the responses may vary across concepts, consider the set of four stimuli 
generated by combining two colors (red and green) with two shapes 
(triangle and square). Given this set, we observe that ‘пете are three 
meaningfully different rules (concepts) for assigning two responses, 
alpha and beta, to the stimuli; see Table 1. The simplest rule is termed 
an affirmation. By this rule, the set of stimuli associated with each re- 
sponse is specified by one value on the single relevant attribute (alpha 
is red). The relevant attribute in this concept is, of course, perfectly 
correlated with the responses. 


Table 1. Three rules for assigning two responses to a stimulus set generated 
by two binary attributes 


Attributes Response assignments 


Color Shape Affirmation ^ Conjunction/ disjunction Biconditional 


Red Triangle a a a 
Red Square a B В 
Green Triangle B B B 
Green Square B B a 


The next rule is termed a conjunction] disjunction. By this rule, one 
stimulus set is specified by a conjunction of one value on each of the 
relevant attributes (alpha is red and triangular). The other set is speci- 
fied by a disjunction of the remaining values on each attribute (beta 1$ 
green or square). Each relevant attribute in this concept is correlate 
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with the responses, but the correlation is less than perfect. For example, 
if the subject attends only to color, he should get 75% of the stimuli 
correct because he can get all of the green stimuli correct but only half 
of the red stimuli. 

The third rule is termed a biconditional. By this rule, each stimulus 
set is specified by a biconditional relationship between two attributes 
(alpha is red and triangular or not-red and not-triangular ). Neither rele- 
vant attribute in this concept is correlated with the responses. For exam- 
ple, if the subject attends only to color he should get only 50% correct 
(chance) because half of the red stimuli and half of the green stimuli 
belong in each category. 

The magnitude of these correlations depends on the particular distri- 
bution of the stimuli. For example, by the biconditional concept and 
with more triangles than squares, color would be correlated with the re- 
sponses because most of the alphas would be red (triangles) and most 
of the betas would be green (triangles). However, the above examples 
suffice to demonstrate that the correlations between individual relevant 
attributes and the responses are dependent upon the conceptual rule 
and may vary from 0 to 1. 

There are alternative ways of describing these three concepts. For ex- 
ample, the affirmation can also be described as a negation (alpha is not- 
green). In the conjunction/ disjunction, one stimulus set can be described 
as an exclusion (alpha is red and not-square) and the other set can be 
described as an implication (beta is not-red or square). The bicondi- 
tional can also be described as an exclusive disjunction (alpha is red or 
square but not both ). Additional descriptions are possible (see Neisser 
and Weene, 1962), but with binary attributes all of these descriptions 
reduce to the three different response assignments shown in Table 1. 


METHOD 


—Concepts—The three concepts described above were used; affirmation, 
Conjunction/ disjunction, and biconditional. The distribution of stimuli was 
determined by the distribution shown in Table 1. Therefore in the con- 
Junction/ disjunction concept, the sets of stimuli associated with each re- 
3ponse differed in size, with three-fourths of the stimuli in the disjunctive 
Category, In the other two concepts, the stimulus sets were of equal size. 


—Correlated irrelevant attributes—Each concept was presented under three 
*&rees of correlation: either all irrelevant attributes were orthogonal to the 
"éSponses, or one irrelevant attribute was correlated with the responses, or two 
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irrelevant attributes were correlated. In the affirmation and biconditional 
concepts, it was possible to classify 75% of the stimuli correctly by using only 
one correlated irrelevant attribute. Since it was possible to classify 75% of 
the stimuli correctly in the conjunction/disjunction concept by attending to 
a single relevant attribute, the correlated irrelevant attributes were arranged 
so that 87.5% of the stimuli could be classified correctly by using only one 
correlated irrelevant attribute. Thus, in the conjunction/ disjunction and bi- 
conditional concepts, the correlated irrelevant attributes were more highly 
correlated with the responses than were the relevant attributes. 


— Stimuli and attributes—The stimuli were schematic pictures of ‘bugs’ that 
varied on six binary attributes: body shape, leg number, spot color, antenna 
type, eye type, and foot type. The relative saliency of the attributes was 
determined by pilot work, and the four most salient attributes were divided 
into two pairs. One pair consisted of body shape and spot color, the other of 
leg number and antenna type. The relevant attributes were selected from one 
pair and the correlated irrelevant attributes from the other. These selections 
were completely counterbalanced. The remaining attributes were irrelevant 
and orthogonal to the responses. 

A set of 16 stimuli was selected for each condition. Each set was presented 
to the subject in four random orders. The attributes were orthogonal to 
each other in all conditions except the conjunction/ disjunction conditions, 
where the correlated (with the responses) irrelevant attributes were also 
correlated with each other and with the relevant attributes. 


— Procedure and instructions—The subject was told that he was in a learn- 
ing experiment and his task was to learn to discriminate between two classes 
of bugs, ‘alphas’ and ‘betas.’ He was told nothing about the nature of possible 
solutions. 

After the instructions were read, the subject was shown two stimuli that 
differed on all six attributes and was asked to list the differences between the 
stimuli. If he omitted an attribute, it was pointed out to him. 

; The learning task was then started. The stimuli were presented one at à 
Hime When a stimulus appeared, the subject responded verbally. The ex- 
perimenter provided feedback by giving the correct response immediately 
after the subject’s response or after the stimulus had been displayed for 4 sec. 
After the set of 16 stimuli had been presented, the subject was asked to write 
a rule that would discriminate between the alphas and the betas. Guessing 
was encouraged. This procedure was repeated until he reached a criterion 0 
one perfect classification of the set of 16 stimuli or until the set had been 
presented 20 times. 

The stimuli were presented in the form of slides and back-projected. Each 
slide was presented for 5 sec, with about 1 sec between slides. The exper 


pe and the subject were in separate rooms and communicated with an 
intercom, 


—Subjects—The subjects were paid male volunteers from the psychology 
subject pool at Johns Hopkins University. Eight subjects were run 1n eae E 
the nine conditions (three concepts by three degrees of correlation); for 
total of 72 subjects. 


== 
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RESULTS 


Trials to criterion 


Table 2 shows mean trials to criterion (excluding the 16 criterion trials) 
for each of the three concepts as a function of the presence or absence 
of correlated irrelevant attributes. (Number of correlated irrelevant at- 
tributes had no effect, and data are pooled across conditions involving 
one and two correlated irrelevant attributes.) The three concepts dif- 
fered in difficulty [F(2, 66) = 42.8, p < .001] , and the order of diffi- 
culty was the same as that found by previous investigators (Neisser and 
Weene, 1962). Each concept was significantly different from the other 
two concepts [for each pair, F(1, 66) > 4.25, p < .05]. There was no 
effect due to the presence or absence of correlated irrelevant attributes 
(F < 1), and no interaction (F < 1). 


Table 2. Mean trials to criterion 


Type of 


; Concepts 

irrelevant 

attributes Affirmation Conjunction/disjunction Biconditional 
All orthogonal 8.6 171.4 198.9 
One or two correlated 36.9 167.2 217.9 


Within the affirmation concept, the variance was much greater when 
correlated irrelevant attributes were present [F(15, 7) = 159.3, p < .001] . 
This increased variance is due primarily to the 5, of 16, subjects who had 
scores more than five standard deviations above the mean of the condi- 
tion without correlated irrelevant attributes. There was no change in 
variance in the other two concepts. 


Error rate and error distribution 


Table 3 shows mean error rate (total errors divided by trials to cri- 
terion, averaged across subjects) for each concept as a function of the 
Presence or absence of correlated irrelevant attributes. The error rate 
differed across concepts [F(2, 66) = 15.2, p < 001] . The subjects in the 
Stoups with a conjunction/disjunction concept had a lower error rate 
than the subjects with the other two concepts [each F(1, 66) > 17.5, 
P < 01] . The error rates of the groups with the affirmation and bicon- 
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ditional concepts were not different [F(1, 66) = 1 0] from each other 
The error rate was also lower when correlated irrelevant attributes were 
present than when they were absent [F(1,66) = 7.6, p < 01] . The in- 
teraction was not significant (F — 1.1). 


Table 3. Mean error rate 


(жок. _ Concepts 
attributes Affirmation Conjunction/ disjunction  Biconditional 
All orthogonal 46 35 AT 
One or two correlated 43 22 38 


It seemed possible that the reduced error rate in the conjunction/ 
disjunction concept might be due to a response bias, since the stimulus 
categories were not equally likely. On the other hand, if there were no 
response bias, one would expect 75% of the errors to occur on stimuli 
that belonged in the disjunctive category, since 75% of the stimuli were 
in this category. The actual proportion of errors on these stimuli was 
74%, so it would appear that the reduced error rate was due to the 
correlation between the relevant attributes and the responses, and not 
to any response bias. 

The reduced error rates when correlated irrelevant attributes were 
present suggest that the subjects attended to these attributes and based 
their responses, at least to some extent, on the values of these attributes. 
If this were true, errors would not be randomly distributed across stim- 
uli. For example, if the subject attended to a correlated irrelevant attri- 
bute that allowed him to get 75% of the stimuli correct, more than one- 
fourth of his errors should occur on the remaining 25% of the stimuli. 
This distribution of errors was in fact shown by 14 of the 16 subjects in 
the affirmation concept (binomial test, p < .01) and by 16 of the 16 sub- 
jects in the other two concepts when correlated irrelevant attributes were 
present. 


The subjects’ precriterion hypotheses are of some interest because if 
subjects attend to the correlated irrelevant attributes, these attributes 
should be mentioned more than the uncorrelated irrelevant one: The 
specific hypotheses are not very useful, since guessing was encourage 
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hey are often unintelligible. Furthermore, most subjects in the affir- 
» concept reached criterion so quickly that there are not enough 
riterion hypotheses for an analysis, However, it is possible simply to 
te the attributes mentioned by the subjects in the conjunction/ 
nction and biconditional groups. 
Înce the four most salient attributes were completely counterbalanced 
rer the roles they could play in any condition (relevant, correlated ir- 
want, or orthogonal irrelevant), it is meaningful to examine the prob- 
llity of an attribute being used in a precriterion hypothesis as a func- 
of its assignment. The average probability of usage was .56 for а 
levant attribute, .56 for a correlated irrelevant attribute, and .27 for an 
ogonal irrelevant attribute, The average probability of usage of the 
onal irrelevant attributes was significantly less than that of both 
evant attributes (t = 6.35, df = 142, p < .001) and the correlated 
evant attributes (t = 5.67, df = 94, p < .001). 
se precriterion hypotheses were not sequentially independent. An 
mination of the conditional probabilities that an attribute would be 
entioned, given that it was mentioned in the preceding hypothesis, , 
WS a significant increase over the overall probabilities for each of the 
ferent classes of attributes (for relevant attributes, t = 2.96, df = 183, 
< 01 ; for correlated irrelevant attributes, t = 3.16, df = 90, p < 01; 
т orthogonal irrelevant attributes, t = 3.46, df = 86, p < .01 ). These 
nditional probabilities were .69 for relevant attributes, .75 for corre- 
led irrelevant attributes, and .46 for orthogonal irrelevant attributes. 
ie age conditional probability of usage of the orthogonal irrelevant 
tributes was significantly less than that of both the revelant attributes 
3.72, df = 127, p < .001) and the correlated irrelevant attributes 
= 451, df = 82, p < .001). 


In the conditions with the irrelevant attributes all orthogonal, the solu- 
às involved rules using only the relevant attributes. In the other con- 
s, several additional solutions were possible, solutions involving the 
ated irrelevant attributes. Every solution using correlated irrele- 
‘ant attributes required the use of more attributes than did the solutions 
g only relevant attributes. Even so, an examination of the final rules 
by the subjects who reached criterion shows that 16 subjects used 
elated irrelevant attributes when they were available. Table 4 shows 
distribution of these subjects across the conditions. More rules using 
ated irrelevant attributes occurred in the groups with the conjunc- 
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tion/ disjunction and biconditional concepts than in the group with the 
affirmation concept (x? = 7.91, df = 1, p < .01). 


Table 4. Distribution of final rules using correlated irrelevant attributes 


: Concepts 
Number of correlated - = ph 
irrelevant attributes Affirmation Conjunction/ disjunction Biconditional 


One 0 (8) 4 (7) 1 (7) 
Two 1 (8) 5 (8) 5 (6) 


Note: Each cell entry is the number of subjects who formulated rules using 
correlated irrelevant attributes. The number of subjects to reach criterion 
is shown in parentheses. N = 8 subjects per condition. 


The rules using correlated irrelevant attributes were of two basic 
types. In one type, the set of stimuli associated with a single response 
was divided into a number of subsets and each subset was described as 
a conjunction of two or three attribute values. In the other type of rule, 
the stimulus set associated with a single response was specified by а 
value of a correlated irrelevant attribute and then a few stimuli were 
listed as exceptions, with fairly specific descriptions involving conjunc- 
tions of at least three attribute values. 

The rules that did not use correlated irrelevant attributes are also of 
some interest. Descriptions of the affirmation concept and of the con- 
junctive category of the conjunction/disjunction concept were always 
simply affirmations and conjunctions respectively. Nine subjects de- 
scribed the disjunctive category of the conjunction/ disjunction concept. 
Only one of these subjects used a disjunctive rule. The remaining eight 
used a rule that divided the stimuli in the disjunctive category into two 
subsets. One of these subsets was specified by a single value on one of 
the relevant attributes, and the other subset was specified by а conjunc- 
tion of the other value on the previously used attribute and a value on 
the other relevant attribute. For example (referring back to Table 1). 
the betas might be described as anything green plus the red squares. — 

There were also 12 subjects who reached criterion in the bicondi- 
tional concept and did not use correlated irrelevant attributes. All o 
these subjects used a rule that divided the set of stimuli assigned to ® 
single response into two subsets, each of which was specified as а con 
junction of one value on each of the relevant attributes. For example (16 
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ferring to Table 1), the alphas might be described as the red triangles 
plus the green squares. 


DISCUSSION 


Correlated irrelevant attributes as distractors 


These results suggest that increasing the correlation between an irrele- 
vant attribute and the responses increases the probability of a subject's 
attending to the attribute—and that this attention interferes with his 
discovery of the relevant attributes but produces a lower error rate. This 
interference has two different possible effects. It may simply increase 
trials to criterion, or it may lead to the development of a solution involv- 
ing the correlated irrelevant attribute. In the groups with the affirmation 
concept, the correlated irrelevant attributes primarily produced an in- 
crease in trials to criterion. The effect was quite small and took the form 
of an increase in variance, since only about one-third of the subjects 
were led astray by the correlated irrelevant attributes. This small effect 
was probably due to the easily perceived direct relationship between the 
relevant attribute and the responses in this concept. In the groups with 
the conjunction/ disjunction and biconditional concepts, the presence of 
the correlated irrelevant attributes did not change trials to criterion but 
did lead a large proportion of the subjects to develop a new rule, a rule 
primarily based on these attributes. 

The results obtained by Gormezano and Grant (1958) and by Abra- 
ham, Gormezano, and Wiehe (1964) are consistent with this interpreta- 
tion. They found that increasing the correlation between an irrelevant 
attribute and the responses increased trials to criterion but had no effect 
on total errors, They used a single-attribute concept slightly more diffi- 
cult than the affirmation used in the present study, and this resulted in 
^ significant increase in solution time. However, since attention to the 
correlated irrelevant attribute allowed a lower error rate, there was no 
change in total errors. 

The results obtained by Bourne and Haygood (1960) are not consis- 
tent with the interpretation we propose. They found that increasing the 
correlation of an irrelevant attribute decreased both trials to criterion 
and total errors. However, they apparently gave their subjects detailed 
‘structions on the nature of possible solutions, while neither the pres- 
ent study nor those by Gormezano and Grant (1958) and by Abraham, 
Cormezano, and Wiehe (1964) did. This difference in methodology could 
Possibly account for the effects Bourne and Haygood obtained. 
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AlLor-none versus incremental learning 


The present results have some general implications for models of con- 
cept attainment. The mean error rate in the affirmation concept was 46 
when all irrelevant attributes were orthogonal to the responses. This is 
consistent with the all-or-none models of attribute or hypothesis testing 
that have been developed for single-attribute concepts (see Bower and 
Trabasso, 1964). For the biconditional concept with all irrelevant attri- 
butes orthogonal, the mean error rate was .47; detailed analysis shows 
that it was stable near chance level and then sharply dropped when the 
subject reached criterion. This result is also consistent with an all-or- 
none model, and it suggests that the hypothesis-testing models could be 
extended to include biconditional concepts by some simple modification 
such as the assumption that the subject samples hypotheses involving 
two or more attributes after he has tried all hypotheses involving single 
attributes. 

For the conjunction/ disjunction concept and in all conditions involv- 
ing correlated irrelevant attributes, however, it is apparent that an all- 
or-none model is inappropriate: error rates were below chance, errors 
were not randomly distributed across stimuli, and the precriterion hy- 
potheses were not sequentially independent. In all of these conditions 
there were attributes (relevant or irrelevant) correlated, but less than 
perfectly so, with the responses. The data imply that when a subject 
finds a hypothesis allowing above-chance but less than perfect per- 
formance, he stops sampling new hypotheses and tries to perfect the 
partially correct one. 

Taken together, these results suggest that subjects start by sampling 
and testing hypotheses in an apparently random manner. The selection of 
hypotheses is probably not random but based on some criterion—such as 
attribute salience—that is irrelevant to the concept and thus results in ap- 
parently random responding. If the subject finds a hypothesis that is par- 
tially correct, he keeps the hypothesis and tries to modify it. Thus, an 
all-or-none model seems appropriate for situations where no simple par- 
tially correct hypothesis exists. In situations where such a hypothesis 
does exist, an all-or-none model is inappropriate. 

It should be noted that this analysis suggests that the subjects atten- 
tion is focused on the attributes which are correlated with the responses 
Thus, multiattribute concepts in which the relevant attributes are CO 
related with the responses will be casier than multiattribute concepts m 
which the relevant attributes are orthogonal, because the correlations 
will lead the subject to focus on the relevant attributes. In the present 
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study, therefore, the difference in difficulty between the conjunction/ 
disjunction and the biconditional concepts could have been due to the 
relative ease with which the relevant attributes could be identified in 
the conjunction/ disjunction concept. If the subject’s attention could be 
focused on the relevant attributes by some other means (such as by using 
very salient relevant attributes ), the difference in difficulty of these two 
concepts might well disappear. 


Final rules 


As was mentioned in the introduction, each of the stimulus sets as- 
signed to a response could have been described by several different rules 
using only the relevant attributes. For example, the conjunctive category 
of the conjunction/ disjunction rule could have been described as a con- 
junction, exclusion, or conjunctive absence (using the terminology of 
Neisser and Weene, 1962). The disjunctive category could have been 
described as a disjunction, implication, or disjunctive absence. Either 
category of the biconditional concept could have been described as a 
both/neither ( biconditional) or an either/or (exclusive disjunction ). In 
the present study, except for the affirmation and conjunction rules, al- 
most none of these logical possibilities was used. Furthermore, the rules 
that were used were almost all of the same form: except for the single 
disjunctive rule, all of the rules (including those using correlated irrele- 
vant attributes) described the set of stimuli assigned to a response by 
listing one or more attribute values required in the stimuli. If the entire 
set of stimuli could not be described in this manner, the stimuli were 
divided into subsets that could be so described. And, of course, such a 
description that uses only one attribute is formally an affirmation, and 
one that uses more than one attribute is formally a conjunction. 

It is well known (Bruner, Goodnow, and Austin, 1956; Conant and 
Trabasso, 1964) that people have some difficulty attaining disjunctive 
concepts, In most studies the conceptual rule is specified beforehand; 
in the present study the conceptual rule was not specified, and the dis- 
Junctions and other complex concepts were actually learned as combi- 
nations of affirmations and conjunctions. It is not clear how far this find- 
ing may be extended. For example, if the number of values per attribute 
Were increased, the proportion of disjunctive rules used by the subjects 
Would probably increase. However, it is worth noting that the rule the 
Subject uses to solve the concept is not necessarily the one the ex- 
Perimenter had in mind. The kinds of rules that are learned under 
Various experimental conditions would be a fruitful topic for further 
Investigation. 
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Notes 


This article is based on a dissertation submitted to the faculty of the Johns 
Hopkins University in partial fulfillment of the requirements for the doctoral 
degree. The author wishes to acknowledge the helpful comments and criti- 
cisms offered by Howard Egeth and W. R. Garner. Received for publication 
September 24, 1970. 
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THE APPARENT LENGTHS OF PERIMETERS AND 
DIAMETERS DEFINE A RATIO SMALLER THAN PI 


Robert Teghtsoonian and Martha Teghtsoonian 
Smith College 


Fourteen observers made magnitude estimations of the apparent length of the 
diameters and perimeters of contour circles. The ratio of apparent perimeter 
to apparent diameter was only about three-fourths of the value of т, the 
ratio of the physical counterparts. 


There are a number of reports on scales of apparent length showing 
apparent length to be a power function of physical length with an ex- 
ponent near 1.0.! In these studies the observers were asked to judge 
rectilinear extent, and we have found no evidence that the resulting 
scales apply to curvilinear extent as well. To explore this problem we 
presented contour circles, varying from 2.8 cm to 30.0 cm in diameter, 
to a group of 14 observers and obtained their magnitude estimations of 
the apparent length of the diameters and perimeters. For each observer, 
half the stimuli presented were accompanied by a request for a judg- 
ment of the diameter and the other half by a request for a perimeter 
judgment, The two judgments were intermixed according to a random 
sequence to ensure that each observer employed the same scale in mak- 
ing both varieties of judgments. No standard length was provided, nor 
any modulus suggested; thus the resulting multiplicative constants, às 
well as the exponents, could be meaningfully compared. 

For cach attribute a straight line was fitted by the method of least 
squares to the log geometric means of the judgments as a function of 
log length in inches. The resulting power functions are: 


for diameters, Wp = 1.54 Ld ; 
for perimeters, Up = ISP, 


The exponents are nearly identical and are typical of values reported 
Previously for similar ranges of linear extents. The interesting difference 
between the two functions is in the multiplicative constants, or scale 
factors: a diameter of given length appeared longer than a perimeter 


437 


438 TEGHTSOONIAN AND TEGHTSOONIAN 


of that same length. If the simplifying assumption is made that both 
exponents are equal to unity, then the following relations hold: 


p = 1.13 P1’, 
Wp = 1.54 Р!° , and 
Vp] Wy = (1.13/1.54)(P/D) = 735 т. 


This is to say that the ratio of apparent perimeter to apparent diameter 
is only about three-fourths the value of 7, the ratio of the physical 
counterparts. 

If, as we have shown, perimeters are underestimated relative to di- 
ameters, it may be true that, in general, curvilinear extents are under- 
estimated relative to rectilinear equivalents. For example, the perimeter 
of a cylinder is commonly underestimated relative to its height. A simple 
model can easily be constructed to illustrate this illusion: join two par- 
allel edges of a square piece of paper to form a cylinder. Most adults will 
judge the height to be greater than the perimeter, although they are in 
fact equal. 


Notes 


The authors thank Mary Viola for her help in preparing stimulus materials, 

running subjects, and tabulating data. Received for publication March 3, 

1970. Edited by Professor E. B. Newman. 

l. For a summary of these reports and an additional example, see M. 
Teghtsoonian and R. Teghtsoonian, Seen and felt length, Psychonomic 
Science, 1965, 3:465-466. 


NOTES AND DISCUSSION 


THE SIXTY-SEVENTH ANNUAL MEETING OF THE 
SOCIETY OF EXPERIMENTAL PSYCHOLOGISTS 


The sixty-seventh annual meeting of the Society of Experimental Psy- 
chologists was held at the University of Colorado, Boulder, on April 9 
and 10, 1971. Gregory A. Kimble, Chairman of the Society for the year, 
presided at the business meeting and at the sessions in which scientific 
papers were presented. 

The following Members and Fellows were present: DeValois, Dun- 
can, Grant, Grice, Hirsh, D. Hurvich, L. Hurvich, Hunt, Kimble, Krech, 
Liberman, Logan, Mackworth, Meyer, Ratliff, Solomon, Stellar, Teitel- 
baum, Thomas, Volkmann, Wickens. 

Fred Attneave, Robert Boynton, Richard Held, Michael Posner, Bur- 
ton Rosner, and Saul Sternberg were elected to membership in the 
Society. 

Fellow John Paul Nafe and Charter Member Harry P. Weld died 
during the year. The present membership in the Society is 78 Members 
and 40 Fellows. 

The 1971 Warren Medals were awarded to Leo M. Hurvich and 
Dorothea Jameson Hurvich, “For studies that have given quantitative 
substance to the Hering model of opponent processes in the visual 
system.” 

The Society accepted the invitation of Stanford University to meet in 
Stanford, California, in 1972. Ernest R. Hilgard was elected Chairman 
for 1971-72, The Executive Committee consists of the Chairman, the 
Secretary, Ira Hirsh, and Howard Kendler. The Trustees are Frank 
Geldard, Daniel Lehrman, and the Secretary. 


Carl P. Duncan, Secretary; Northwestern University 
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THE SIXTY-THIRD ANNUAL MEETING OF THE 
SOUTHERN SOCIETY FOR PHILOSOPHY 
AND PSYCHOLOGY 


The sixty-third annual meeting of the Southern Society for Philosophy 
and Psychology was held on April 8-10, 1971, at the Center for Con- 
tinuing Education at the University of Georgia, Athens, Georgia. Ap- 
proximately 250 members, friends, and guests were in attendance. The 
program consisted of three symposia in psychology, one symposium in 
philosophy, and two joint sessions. Altogether there were 35 papers in 
philosophy and 56 papers in psychology. There was also a festscrift 
program in honor of Professor Frank Geldard. Tours of the University of 
Georgia Psychology Building were provided for the membership. As 
usual, a social hour and business meeting were also included in the 
program. 

At the first of the two joint sessions, Malcolm Arnoult, Texas Christian 
University, introduced Dwight Van de Vate, University of Tennessee, 
who delivered the presidential address, "Notes toward a Theory of 
Time.” At the second joint session, William Bevan, Executive Officer of 
the American Association for the Advancement of Science, delivered an 
invited address, “Higher Education in the Seventies—A Once and 
Future Thing.” Discussants were Earl A. Alluisi, University of Louisville 
(psychology ), and John Post, Vanderbilt University (philosophy). 

Two Junior Awards (now the Richard M. Griffith Memorial Awards) 
were given. The recipient in philosophy was Edward S. Shirley, 
Louisiana State University, for his paper “Stimulus Meaning and In- 
terdeterminancy of Translation.” The recipient in psychology was George 
W. Menzer, University of Louisville, for his paper “Further Experiments 
with Orientation-specific Chromatic Aftereffects.” These awards are 
given annually for the papers of highest merit presented by members 
who have not yet received the doctoral degree or who have received it 
within the last five years. 

Cochairmen of the Committee on Local Arrangements were John T. 
Granrose (philosophy), University of Georgia; and Clyde E. Noble 
( psychology), University of Georgia. Cochairmen of the Program Com- 
mittee were Nancy D. Simco (philosophy), Memphis State University; 
and Joel S. Warm (psychology), University of Cincinnati. Cochairmen 
of the Junior (Griffith Memorial) Awards Committee were Maynard 
Adams (philosophy), University of North Carolina; and Malcolm 
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Arnoult ( psychology ), Texas Christian University. At the annual busi- 
ness meeting, reports of the officers and of the several standing and ad 
hoc committees were received and accepted. It was announced that the 
sixty-fifth annual meeting would be held in Knoxville, Tennessee. 

The deaths of members John R. Binford, Elizabeth Duffy, Theodore 
Lafferty and Charles Odum were noted with sorrow. Brief memorials 
were read for Elizabeth Duffy and Theodore Lafferty, and for James 
Simmons, decreased in 1969. 

There were 31 philosophers and 36 psychologists elected to full or 
associate membership. Michel Loeb, University of Louisville (psy- 
chology), and Douglas Browning, University of Texas (philosophy ), 
served on the membership committee. Elected as Members in Philosophy 
were Linda A. Bell, Marcus Clayton, William F. Edwards, William H. 
Friedman, Alan Gibbons, R. Kirby Godsey, Iredell Jenkins, W illiam J. 
Kilgore, Douglas M. McDonald, Veronica A. Miller, Neale H Mucklow, 
Thomas E. Pauly, Edward S. Shirley, Dieter Turck, and Robert H. 
Vorsteg. Elected as Members in Psychology were Lloyd Hastings, Robert 
H. Pollack, Katherine Vickery, Robert M. Stutz, C. Ray Carpenter, Jim 
Larimer, R. J. Senter, Ernest M. Weiler, John D. Seago, Thomas Mul- 
hern, Henry E. Marks, Paul Cameron, Janet F. Rees, Kevin M. Mitchell, 
Anthony F. Grasha, George B. Greaves, Earl C. Brown, Frank C. J. 
McGurk, Janice R. Teal, Avrum I. Silver, Marsie M. Field, and Harold 
L. Hawkins. Elected as Associate Members in Philosophy were Gary 
J. Acquaviva, James B. Davant, Frank K. Fair, Terry M. Goode, Jerry 
Gravander, David R. Hiley, William E. Hoffmann, Bart F. Kennedy, 
Charles W. Lewis, Jr., James J. Meyer, Robert E. Majzler, S. J., Frederick 
Michael, Gale A. Townsley, Stephen W. White, James E. Abbott, and 
James С. Edwards. Elected as Associate Members in Psychology were 
David J. Micco, Jr., Jeffrey L. Clark, Michael F. Sherrick, Robert L. 
Brunner, Ronald R. Rossi, Julius J. Persensky, Florrie M. Pennington, 
Johnny K. Worley, Howard L. Bregman, Claude R. Miller, Jr., G. Rufus 
Sessions, Ernest H. Harrell, Stephen H. Hobbs, and F ranklin M. Berry. 

The following officers were elected to serve during 1971-72: Stanley 
B. Williams, College of William and Mary, President; Douglas Brown- 
ing, University of Texas, President-Elect, William T. Blackstone, Sec- 
retary, University of Georgia; Carr Payne, Georgia Institute of Tech- 
nology, Treasurer; Dwight Van de Vate, University of Tennessee, Past 
President, Continuing members of the Council include Donald S. Lee, 
Tulane University; Lelon J. Peacock, University of Georgia; Herbert 
Kimmel, University of South Florida; and Ramon Lemos, University of 
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Miami. Clyde Noble (psychology ), University of Georgia, and Donal 
Sherbourne (philosophy), Vanderbilt University, were elected fo 
three-year terms. 
The sixty-fourth annual meeting of the Southern Society for Phi 
phy and Psychology will be held at the Sheraton-Jefferson Hotel, § 
Louis, Missouri, on March 30-April 1, 1972. It will be hosted by th 

partment of Psychology of Washington University. 
W. T. Blackstone, Secretary; University of 


THE 1971 ARROWHEAD CONFERENCE 


For the eighth year, a small group of investigators concerned with. 
problems in verbal learning (broadly conceived) met for an infon 
exchange of ideas on June 14-18, 1971. This year, as in most previo 
years, the group convened at the University of California Conter 
Center, Lake Arrowhead, California. In attendance were R. A. В 
G. Bower, R. G. Crowder, D. L. Hintzman, E. Martin, A. W. Me 
B. B. Murdock, Jr., R. W. Schulz, E. Tulving, M. T. Turvey, B. J- Unde 
wood, and D. D. Wickens. The conference is supported by ^ 
MH 18418 to the Ohio State Research Foundation, D. D Wickens prit 
cipal investigator. : 

One session, a general one, dealt with what some believe to be seriot 
problems of terminology in the field. No agreeable plan for reso 
these problems was found. In the remaining sessions, each inves 
presented his current experimental work, or his current theoretical t 
ing, or both. What follows is a brief summary of these remarks. 
details (if not the remarks themselves in any ‘final’ form) may 
tained by writing directly to the participants. 1 


Bjork's report was concerned in general with the effects of serial p 
Hes performance in immediate and delayed tests of free recall and reco 
and in particular with the role played by subjects’ control-process 2 
in producing those effects. He considered the possible causes of the 
recen effect in delayed retests of free recall in some detail, esp 
possibility that the spacing between the input and output of an item 
immediate recall may determine the extent to which the output € 1 
tates later attempts to recall the item. Bjork argued that serial-position € 
result from what subjects choose to do, and are not unavoidable conseque 
of associative interference, temporal saliency, or other intrinsic factors. 

Bower marshalled the arguments against simple one-process Mee 
recall and recognition are mediated by different thresholds on the 
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of a single memory trace. Similarly, he marshalled detailed arguments against 
the simple strength or familiarity theory of recognition memory, а — 
which is contradicted by several elementary facts about recognition 
whose extensions to recency judgments and frequency-of-experience judg- 
ments appear misguided. In place of that theory, Bower proposed that rec- 
ognition is mediated by retrieval of information about contextual events that 
surrounded the presentation of the item in question and were associated with 
the item when it occurred, Assuming gradual drift over time in the contextual 
milieu and admitting the possibility that each repetition of an item estab- 
lishes an independent association to a new pattern of contextual elements, the 
proposal provides the mechanisms for a theory about recognition memory, 
list differential, list-editing of recall, recency judgments from memory, fre- 
quency-of-experience judgments from memory, and lag effects on frequency 
judgments. 

Crowder reported three sets of data on the of a precategorical 
acoustic-storage system. The first group of studies that such a memory 
store is completely insensitive to semantic organization but is affected by 
physical similarity. The second group of studies explored the — тал 
property of precategorical acoustic storage. Finally, recent data on- 
spicuously different acoustic memory results for vowels and consonants. 

Hintzman reported on several experiments using memory judgments to 
determine what information is stored about experimental presentations of a 
word. Two experiments attempted to show that a repeated word has more 
than one ‘time tag,’ and that this may be the way frequency is in 
memory. A third experiment showed that subjects retain input modality of a 
word for at least several minutes after presentation. A fourth showed that if 
a word is repeated in different modalities, subjects can later tell which modal- 
ity came first, suggesting that the ‘time tag’ and ‘modality tag’ for a particular 
presentation are tied together in memory. 

Martin presented data demonstrating that components of a compound stim- 
ulus Ls independently and do not form intercom) t associations as 
paired-associate learning. Also reported were пагу 
sults indicating that pes dien (as opposed to forward assembly of parts into 
ae produces faster combination-phase learning and better retention over 

urs. 


Murdock’s remarks centered on recent modality studies that suggest sepa- 
rate prelinguistic auditory and visual stores with persistences of at least several 
seconds. These stores show differential interference effects. He also compared 
à strength theory and a finite-state model in accounting for data from (a) a 
recognition-memory study with confidence-judgment and latency measures, 
and (b) a judgment-of-recency study showing a crossover effect between 
CCCs and CVCs as a function of lag. 

Schulz focused his presentation on work concerned with (a) the develop- 
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ment of proactive inhibition in free recall in relation to Underwood's theory 
on the attributes of memory; (b) transfer under recognition as opposed to 
recall conditions; (c) transfer in the A-B, А-В’ paradigm; (d) a subject's 
ability to discriminate in the mediation paradigm between facilitation and 
interference pairs under mixed-list conditions of presentation. 

Tulving’s presentation was an attempt to persuade other participants of the 
conference that a heuristically useful distinction may be drawn between 
(a) episodic memory, memory for temporally dated personal experiences, 
and (b) semantic memory, memory for meanings of concepts, relations, and 
rules for manipulating symbols and concepts. He also pointed out that almost 
all research in human memory and verbal learning in the past has been con- 
cerned with phenomena of episodic memory. 

Turvey pointed out that in vision, backward masking by pattern originates 
either peripherally or centrally. When the perceptual impairment is of periph- 
eral origin, a simple relation exists between the target stimulus and the mini- 
mal time needed to evade the masking action: target-stimulus energy X mini- 
mal interstimulus interval — a constant. When the masking is of central origin, 
energy variables are irrelevant; what matters is the time elapsing between 
onset of the target and onset of the mask. Patterns that mask peripherally 
may not necessarily mask centrally; moreover, forward masking is primarily 
of peripheral origin. He also discussed both data and theory in the context of 
techniques to investigate processing of linguistic information in vision. 

Underwood discussed preliminary results from experiments dealing with 
the massing and distribution of multiply occurring words in free recall. The 
superiority of distributed items was found with varying rates of presentation, 
with concrete and abstract words, and with imagery instructions. Recall of 
items occurring four times within a list was found to be directly related to 
the number of spacings. In a further experiment, subjects paced their study 
time for each presentation of a word. Massed items received less direct study 
time than did distributed items, but the difference was insufficient to account 
for the recall differences. 

Wickens covered four topics. First, he reviewed current knowledge of vari- 
ables mediating ‘PI release’ in short-term memory. Second, he reported а 
retroactive-inhibition study in which a large positive effect on recall was 
demonstrated when a consistent contextual activity preceded both original 
learning and recall. Third, he discussed evidence suggesting that for some 
characteristics of words the encoding occurs prior to the perception of the 
word. Finally, he pointed out that the free recall of response terms following 
A-B, A-D learning shows a form of ‘spontaneous recovery’ as a function 0 
the length of the interval following A-D learning. 


Benton J. Underwood; Northwestern U niversity 
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BOOK REVIEWS 


Julian Hochberg 
Columbia University 


Perceptrons 
By Marvin Minsky and Seymour Papert. Cambridge, Mass.: The M.I.T. Press, 
1969. Pp. 258. $12.00; paperback, $4.95. 


Psychologists have long been interested in the idea of self-organizing nets 
of neurons, an interest sparked both by the McCulloch-Pitts model of logical 
elements in neurons and by Hebb's model of learning. A major step forward 
in the study of such networks occurred when Frank Rosenblatt proposed the 
Perceptron (The Perceptron, a probabilistic model for information storage in 
the brain, Psychological Review, 1958, 65:386—418; and Principles of neuro- 
dynamics, Washington, D.C.: Spartan Press, 1962). 

Roughly, the Perceptron is a Hebbian-like model of a self-organizing sys- 
tem. It was actually created both as a computer program and as a physical 
machine, and a number of experiments in discrimination learning were con- 
ducted with it. Basically, it contains three sets of neuronlike elements. The 
first set is the retina, a set of on-off elements. As the name implies, this set is 
analogically similar to the retina of the eye. It is best thought of as a receptor 
field. Retina elements are connected to association elements, either randomly 
or in some design. The association elements, instead of being on-off elements, 
produce weighted input to a summing and threshold-detecting response unit. 
If the total input exceeds a threshold, the response unit fires. 

The Perceptron is self-modified by a training rule, a function which changes 
the weights of the association element depending upon the output of the re- 
sponse unit. Thus if the response unit gives the *proper response to a picture 
projected on the retina, the association weights of active associators may be 
increased; or they can be decreased in response to improper outputs. À num- 
ber of other training rules can be imagined. There are a number of variations 
on this theme. In a cross-coupled Perceptron the association elements’ input 
is to each other as well as to the response element, while in a back-coupled 
Perceptron the association elements also transmit back into the retina unit. 

Studies of Perceptron learning produced impressive results. The device was 
capable of learning a discrimination between letters projected on the retina. 
Cross-coupled and back-coupled Perceptrons could learn sequential responses 
at a primitive level. And although most of these points were made by demon- 
Stration, argument, and speculation, some mathematical proofs were also of- 
fered. A particularly interesting one was the proof that a simple Perceptron 
with a simple training rule can be constructed to learn any discrimination 
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within its response repertoire, no matter what its initial responses are. This 
makes a Perceptron look very much like a neural model of learning, so the 
experimental studies were coupled with speculation about whether or not 
learning machines were just around the corner. Subsequent experience showed 
that they were not. 

This reviews the status of things as of about 1965. At this time Minsky and 
Papert began their work. They realized that there were two unanswered ques- 
tions about the Perceptron. What, mathematically, is the basic idea behind it? 
And if a Perceptron can learn anything that it can perform, what can it per- 
form? These questions are answered in their book. 

Their response to the first question has been to define a simple Perceptron 
that captures the basic idea behind the more complex models. To them a retina 
is a field of on-off elements. One can think of this as a vector, but it is prob- 
ably better to think of it as a field of binary elements laid out on a plane—as 
a digitized picture. A picture on the retina is a designation of which units are 
on or off, (Throughout this review the terms ‘on,’ ‘off,’ and ‘true,’ ‘false,’ and 
0, ‘T’ are used interchangeably.)A predicate, а, is a logical function on this 
field. In the original Perceptron terminology, a predicate corresponds to the 
connections that are needed to turn an association element on. To psycholo- 
gists a predicate is simply a feature detector; to а mathematician it is a logical 
function of a sub-field of the retina. For instance, you could produce a predi- 
cate that detected a horizontal line in a particular position on the retina. An 
association is a weight, a;, associated with predicate о. If a; is true, then the 
quantity a, is added to the input to the response element; otherwise it is not. 
Note that a; could be negative. A Perceptron is a device consisting of m predi- 
cates and their associated weights. More formally, a Perceptron is a device 
that is capable of learning any discrimination that can be expressed by the 
function 


m 
ао > 0 
i 


for a defined set {е} of predicates. 

Part of the second question about the Perceptron is how the definition of 
the predicates determines the device’s performance capability. Let the order 
of a Perceptron be the number of retinal elements connected to any individual 
predicate. For example, an order-one Perceptron has a weight assigned to each 
retinal element, but no weight assigned to any combination of elements, while 
an order-two Perceptron has weights assigned to all single elements and a 
combinations of two elements, and so on. Minsky and Papert show that an 
order-one Perceptron is capable of constructing discriminations logically equ 
alent to any of the 16 binary predicates on two arguments (retinal elements 
except exclusive disjunction or equivalents. To those familiar with the concept- 
learning literature, this will be interesting, because it is well known that the 
exclusive-disjunction and equivalence discriminations are much harder for 
people to learn than the other binary discriminations. They also show that 
the concept of parity (which in their case means the question of whether 0! 
not there is an even or odd number of elements in an ‘on state’ on an arbi- 
trarily large retinal field) cannot be learned by a Perceptron of order one, 2 
though this discrimination can be made by an almost trivial Turing machine. 
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Another class of performance results relates to transformation invariance. If 
we consider the retina as being a digitized picture on a two-dimensional field, 
what sort of transformations on this field can be tolerated if the device is to 
discriminate between two classes of objects? For example, from human experi- 
ence we know that the visual field is almost impervious to translation and rota- 
tion. Minsky and Papert define a characteristic of classes of pictures which 
they call the spectrum. The spectrum of a class of pictures determines the 
order of the Perceptron needed to retain class invariance over translation and 
rotation. They next consider a more complex class of distortions, the topologi- 
cal transformations. These stretch the metrics of a space but retain the ‘inside- 
out relations’ between sub-pictures. If topological invariance is required, Per- 
ceptrons can only discriminate between classes of pictures that have different 
Euler numbers, where the Euler number of a picture is defined as the number 
of picture components less the number of holes in components, This result 
may be of less psychological interest, because it is not at all clear to me that 
humans can discriminate classes over topological transformations. 

Finally, Minsky and Papert offer a number of new insights into the Percep- 
tron learning theorems. Their major offering is that the Perceptron will sta- 
bilize its discrimination technique if perfect discrimination is not possible. 

The psychologist who reads this book is going to have to work. The argu- 
ment is mathematical and compares (favorably or unfavorably depending 
upon whether you are a mathematician or psychologist) with the more closely 
reasoned arguments in the Journal of Mathematical Psychology. Perceptron 
enthusiasts may complain that Minsky and Papert have considered only those 
Perceptrons that are mathematically tractable. 

For the reasons just mentioned, one must be imaginative in evaluating 
Minsky and Papert’s studies. Is it possible that the discriminations that can 
be learned by a Perceptron can be learned by any being that does not speak? 
In other words, is it language that makes us capable of learning concepts 
such as parity? I think that an interesting review of animal and human learn- 
ing could be written relating the capabilities of different species to learn dif- 
ferent discriminations with the order of Perceptron required to learn them. 
We might be able to develop some relation between the complexity of an 
intelligence-test item and the restrictions that would have to be placed on 
the Perceptron that could answer it. Such things might be done, but they have 
not yet. This may be an extremely important book that will trigger a major 
contribution to psychological theory. On the other hand, it may be a precise 
mathematical note on a rather obscure problem. Only time will tell. 


Earl Hunt, University of Washington 


The Nature of Psychology: 
A Selection of Papers, Essays, and Other Writings 

By the late Kenneth J. W. Craik. Edited by Stephen L. Sherwood. New York: 
Cambridge University Press, 1966. Pp. xx, 184. 

_ Three years before his death, Craik had published The Nature of Explana- 
tion (Cambridge: The University Press, 1943), a book well known to psy- 
chologists. It introduced the picture of man as a device that models events in 
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the environment, and it argued for the deep relevance to psychology of such 
mathematics as the arithmetic of numerical series representing events in time 
and space. In that first book, Craik wrote: “Confusion of two similar concepts 
is a fruitful cause of erroneous thinking. I am particularly addicted to it, and 
if ever I conceive any original idea, it will be because I have been abnormally 
prone to confuse ideas, but have just saved myself by experimental verifica- 
tion, and have thus found remote analogies and relations which others have 
not considered!” (p. 92). The present book continues what his earlier book 
began, sketching out a design he did not live to complete. 

K. J. W. Craik was a giant on whose shoulders we should dare to try to 
stand. The present book is a fiery posthumous collection of unfinished, un- 
polished, and thus undiluted notes, a feast of experimental and theoretical 
innovation. Craik died in his thirty-second year, five years past his Ph.D., 
a daring, inventive, and sometimes muddleheaded psychologist of towering 
genius. Parts of his work echo through the quarter century since his death to 
the psychological literature of our time. 

The book begins with a reprinting of F. C. Bartlett's obituary notice, ín 
which he evaluates Craik as an ex-student and sometimes colleague (British 
Journal of Psychology, 1946, 36:109); this is followed by Craik's epilogue to 
his 1940 unpublished doctoral dissertation, a discussion of the “marked dif- 
ference of approach to perceptual problems in psychology and philosophy on 
the one hand and in physiology and physics on the other.” In that statement 
he clears the decks for action, having decided that one should ask “how far 
the unknown (sensory qualities) can be explained in terms of the known 
(physiological structure and physical mechanisms)” and freed himself to sup- 
pose that “the reality of the physical world is not to be rashly denied" (p. 6). 

All the rest of the book is fragments of uncompleted work. The first sec- 
tion (pp. 7-90) contains seminal statements relating learning and perception 
to servomechanisms and cyclic events in the nervous system. This work, of 
course, has been carried forward (see Iberall and McCulloch, Currents in 
modern biology, 1968). Particularly beautiful analyses by Craik include his 
analyses of neural networks and his serious attempts to introduce differential 
and integral calculus into the theoretical psychology of perception and think- 
ing. For the former, he bases neural-net design on the method of Barrow $ 
triangles, showing the analogy between differentiating a curve and the taking 
of successive differences, reducing the problem to the design of systems 
performing successive subtraction (pp. 41—44). For the latter, he argues 
that “perception differentiates; thought integrates and extrapolates" (p. 63). 
Throughout this section he addresses himself to important thinkers of his 
time, particularly Hull, Thorndike, and Lashley. But he was after even bigger 
game, the foundation of a mathematical psychology that could use the power 
of the calculus. It is interesting that he neglected the work of Ernst Mach. 
who also tried. 

He ignores Mach even in his notes on the discovery of an illusion in the 
perception of brightness (pp. 94-97). The illusion has been rediscover 
more recently by Cornsweet (in Ratliff, Mach bands, 1967) and by Edwin 
Land (Journal of the Optical Society of America, 1971), but Craik's is Опе 
of the earliest discussions of the importance for brightness perception of the 
form of visual boundaries. 
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Other experimental work includes the startling report of Craik's visual ob- 
servations of the temporal course of a foveal scotoma he induced by staring 
at the noonday sun for two mínutes (pp. 98-103). Isaac Newton and Gustav 
Fechner had also dared to burn their eyes by staring at the sun, but Craik 
was slightly more circumspect, limiting his scotoma to one eye and analyzing 
the development of its recovery over months of time, noting the ani 
associated with it and the effects on it of flickering light. This study led him 
to believe that, in general, intermittent stimulation “is probably the best means 
of attaining high subjective brightness, preventing suppression and encourag- 
ing fixation,” and to think that intermittent stimulation might prove useful in 
the treatment of amblyopia (pp. 104-105), 

In this book we also see Craik in a more guise. In addition 
to theoretical and empirical notes are tidbits like this one: "We may be unable 
to make ourselves immortal, but if we write a drama about the thoughts and 
feelings of immortal gods, we shall have created something, something which 
may give us greater insight into our own place in the world, and the place 
of that world among abstract possibilities, and which at the same time tran- 
scends that world” (p. 178). 

The selections in this book were made by its editor and by Warren s. 
McCulloch and Leo Verbeek. They are to be commended for including selec- 
tions that convey a great deal of the mind of one of psychology's great men. 

Herbert F. Crovitz, Veterans Administration Hospital, 
Durham, North Carolina 


Selective History of Theories of Visual Perception, 1650-1950 
A Nicholas Pastore. New York: Oxford University Press, 1971. Pp. 454. 
.00. 


In reading this book one is vaguely reminded of an apochryphal tale of an 


asked him about this method of teaching and he replied: “It's es Wet 
don't teach everything, but the part that I deal with I teach well. 

The word ‘selective’ appears in the title of the book and warns the 
that all of the territory subsumed under the rubric of “Theories of Visual Per- 
ception” will not be covered. The fact is that it is very selective indeed, basi- 
cally covering the empiricist viewpoint, with only the Gestaltists аш Con- 
dillac as the opposition. Still, Pastore is scholarly and thorough in his es ager] 
of the theorists he does deal with. His writing is generally clear, , and 
readable, with a few exceptions. r 

The book starts rather abruptly with an introduction that gives only a few 
clues as to what is to come and that fails to specify the rationale behind the 


followed by a fine i d analysis of Berkeley. Condillac, whose 
presentation an! analysis y. - > М 
work is, unfortunately, not very well known to contemporary English-speaking 
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psychologists, raised several objections to Berkeley's position. His criticisms 
serve as one of the few nativist islands in the text. The next two chapters are 
a montage of six theorists: Reid, Hamilton, Müller, Mill, Bain, and Lotze, 
They are presented briefly with more of an emphasis on similarities than on 
differences. Helmholtz's work on color contrast and space perception are dis- 
cussed next. William James is presented with a great deal of care and reason- 
able detail. 

The first section is then followed by a needed respite in the flow of theo- 
rizing. An attempt is made to review the theories and data assembled up to 
this point in time. The overview is helpful in placing the succeeding material 
in pers „ One of the best chapters in that work is the chapter on Gestalt 
psyc! . The organization and treatment are commendable, despite the 
obvious absence of a discussion of the precursors to this theoretical stand 

The remaining two chapters are rather strange. In the first, Hull is termed 
a ap theorist and teamed with Hebb under the title of "connection: 
ism." gh the treatment of Hebb is clear, the point of placing him with 
Hull never becomes apparent. The last chapter treats Ames and Murphy. The 
transactional viewpoint is primarily expounded via analysis of the Ames dem- 
onstrations. Murphy’s inclusion is puzzling in light of the theories discussed 
above, and seems rather like an afterthought. 

The book ends even more abruptly than it began, without any overview oF 
summary analysis of the theoretical viewpoints presented. An interesting pair 
of appendixes is included, in which the Cheselden and the Wardrop cases of 
recovery from early blindness are presented in their original form. They are 
pleasant to read. 

It should be clear from this overview that the book's major problem is its 
selectivity. It is true that the field of visual perception is probably too broad 
to be adequately surveyed in any one volume, but it is hard to rationalize any 
selection procedure that leaves out such major figures in perceptual theory а% 
Hering, Wundt, Brentano, Stumpf, Fechner, Titchener, Munsterburg, Wash- 
burn, Helson, Werner and Wapner, Brunswick, and Gibson, to name but a 
few, and yet includes a chapter on Malebranche, about whom the author notes 
that “the invocation of divine intervention for explaining the mundane facts 
of seeing objects was essential. . . .” 

This book, then, serves as a scholarly and useful survey of the empiricist 
viewpoint in perception, yet it is a shame that the author has limited his treat 
ment to such a narrow selection of the many exciting viewpoints that have 
found expression between the years 1650 and 1950. 


Stanley Coren, New School for Social Research 


Fundamentals of Visual Science 


By Melvin L. Rubin and Gordon L. Walls. Springfield, Ill.: Charles С Thomas, 
1969. Pp. xxi, 435. $17.50. a 


As M. L. Rubin states, “much of the inspiration and m 
which follows is from a lecture course in Physiological Optics presented at 
the University of California by my close, late friend and mentor, Gordon Lynn. 
Walls" (p. xiii). Thus, although Rubin wrote the book, Walls is listed as ©0 


aterial for the book 


eee 
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author, and with good reason, since many of the book's virtues are due at 
least in part to Walls's vast knowledge of the field of vision and his concise, 
insightful analysis of its problems. 

The book is divided into four parts, or units. The first, "Light and Basic 
Concepts," includes discussions of light, the measurement of light, and en- 
toptic phenomena. The second, "Intensive Vision and Electrophysiology,” con- 
cerns visual acuity and the photochemistry and electrophysiology of vision, 
The third, “Chromatic Vision," covers chromatic vision, with half its material 
devoted to color blindness. Finally, "Spatial Vision" has discussions of binocu- 


mend this book for either use. My main reason is simple: the book is badly 
out of date; only token attention is given to research after 1960. As an 
example, perhaps extreme, a large portion of the material presented in tbe 
discussion of the electrophysiology of vision can be found іп R. Granit's Sen- 
sory Mechanisms of the Retina, which was published in 1947, 
tors and Sensory Perception, which came out in 1955. Extensive 
has been gained during the 1960s on the electrophysiology of color 
the retina and most notably at the lateral geniculate. None of this 
work is presented. Similarly, only token consideration is given to 
physiology of spatial vision. Consequently, it is not 
sections devoted to spatial vision and chromatic vision 
tempt to combine psychophysics with more recent 

the color-blindness discussion is organized around С. L. W: 
of color vision (A branched-pathway schema for the color vision system 
some evidence for it, American Journal of Ophthalmology 39:8-23 
is in conflict with this electrophysiology. 

Although I would not recommend this book as a text, I believe 
reading would greatly reward both the expert and the student of sensory 
chology. Rubin has successfully adopted a conversational style that 
much of the book a delight to read. At his best, Rubin presents mat 
à one-way conversation that is a pleasure to ‘hear’ and easy to understand. 


du 
е site H 
ИШИН 


: 


toptic visual phenomena as well as short discussions on the history of such 
Problems as rhodopsin and the scotopic luminosity function, the limits of vis- 
ual resolution, color blindness, and binocular fusion. Finally, it is enlightening 
for a sensory psychologist to hear an ophthalmologist’s approach to such topics 
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find application both as a reference for lectures and as a source of selected 
assigned readings. 
Donald C. Hood, Columbia University 


Orthogonal Localization of Visual Objects: 
Some Experiments on Space Perception 
By Jaakko Jarvinen. Helsinki; Suomalainen Tiedeakatemia, 1959. Pp. 141. 


This dissertation consists of a report of three experiments on the misjudg- 
ment of orientation, covering textured surfaces tilted in the sagittal plane, the 
depth relationship of vertical rods as influenced by the plane of the back- 
ground, and the component lines in parallelograms and zig-zag figures. The 
data are predictable, the theoretical analysis superficial, and tedious details 
of conventional technical and statistical methodology make up the bulk of 
the book. 


W. B. Templeton, York University, Canada 


Listening and Attention 
Hi Neville Moray. Baltimore: Penguin Books, 1969. Pp. 107. Paperback, 
$1.45. 


Listening and Attention is an agreeably no-nonsense book in a field where 
nonsense ordinarily thrives. Neville Moray knows the standard theories 0 
selective listening inside and out—Cherry, Broadbent, Treisman, and Deutsch 
are all given their due in lucid exposition—but he correctly sees that none 
of those theories is very well developed or goes far toward predicting any 
new findings. To point this up clearly, Moray devotes most of a brief third 
chapter (the first two review the basic phenomena) to certain experiments 
of his own, in which subjects were required to tap a key whenever a signal 
occurred on either of two channels. These experiments are not yet in the 
open literature, and it is useful to have an account of them here, as they in- 
troduce a new set of problems for theories of attention. Moray himself leans 
toward a rapid-alternation theory, but his advocacy of it is gentle and does 
not coerce the reader. й 

Other chapters deal with the split-span experiment, the unsuccessful at 
tempts to measure attention-switching time, and the even less successful ef 
forts to study the physiology of attention; there is also a conclusion. Throug?- 
out the book Moray proves himself a lucid writer and a soft-spoken but 
trenchant critic. 

The reader must be careful not to confuse this slim paper 
for and useful in undergraduate courses, with Moray's more serious effort (0 
put forth his views in the 218-page hard-bound volume entitled Attention: 
Selective Processes in Vision and Hearing (New York: Academic Press, 

The two books were written more or less simultaneously (as is fitting for wor? 
in this area), but they are quite different. The one reviewed here is a moss 
but useful addition to Penguin's Science of Behavior series. 


Ulric Neisser, Cornell Unive 


back, intended 
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Attention and Performance III 


Edited by A. F. Sanders. Amsterdam: North Holland Publishing, 1970. Pp. 
442. $19.50. 


If this volume reads more like an issue of a journal than a monograph vol- 
ume, it may be because it is. It is a third-generation model of a collection 
of papers prepared for a symposium dedicated to human-performance theory, 
a symposium which had its first coming out in 1966, with the papers subse- 
quently published as volume 27 of Acta Psychologica (1967) and, simultane- 
ously, Attention and Performance (A. F. Sanders, ed., Amsterdam: North 
Holland Publishing, 1967). Volumes II and III of the series followed. Though 
neither attention nor performance is ever vigorously defined, the stated need 
or raison d'etre for the original volume was that "the typical feature of per- 
formance research is that it does not fit one of the classical headings like 
perception, learning, motor behavior and motivation, but integrates aspects 
of each subject" (Acta Psychologica 27:vii). That position is reasserted for 
the volume now under review. 

The attraction to the construct of attention is understandable. Rooted in a 
long history, applicable to almost all specialties, compatible with existing tech- 
niques and paradigms, and often suggesting more than is in fact delivered, 
attention is at once an integrative and uniting concept. Advocates rallying 
around the theme discover a common (generalized?) interest, even though 
they come from strikingly different orientations. Life is breathed into prob- 
ability matching and discrimination learning, while psychophysics and re- 
action time take on a new dynamic. There is probably much value to a re- 
thinking of traditional activities—and even greater worth in revisiting the 
non-learning activities that are studied more vigorously by those scholars out- 
side the United States, for whom Acta Psychologica is the intended vehicle of 
communication (21 of the 30 contributors are non-Americans, though many 
are familiar to the American readership). 

One may quibble with the choice of labels, but the variety of substantive 
theory and technique brought to bear on selected issues is both refreshing and 
sometimes valuable. Whereas the original volume of the series arranged pa- 
pers in six topics—single-channel theory and information processing, reaction 
processes, physiological correlates of attention and reaction time, short-term 
memory and information processing, eye movements and visual search, long- 
term performance (i.e., vigilance) —the second volume focused on reaction 
processes. The present volume, Attention and Performance III, is organized 
into five topics—reaction processes, selective attention, subjective probability 
and performance, memory mechanisms and information processing, sustained 
attention—and in the main seems to be a retake of the earlier version. To be 
sure, the contributions are different and some new issues are discussed; but 
the contents, style, and nature of the writings more resemble another issue of 
Acta Psychologica than a new treatise on attention and performance. Substan- 
tively, the attentional value of the contributions is uneven, and one would 

ave hoped to see reports by other well-qualified investigators who deserve 

representation in the volume. Technically, the index has several errors and 
could have been made more useful, but the work is otherwise carefully 
produced, : 
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It is convenient to have such an ensemble of papers, particularly the re- 
views, theoretical analyses, and integrated programmatic studies. Perhaps 
there is a need for a regular serial volume, something like an ‘Advances 
in .. 2 Perhaps too, it might then be possible to leave the journal articles 
for Acta Psychologica, to invite more chapters of un-rehashed material, and 
to bring the volume's price down to such a level that the book could be 
reasonably expected to reach a wider audience. 


David I. Mostofsky, Boston University 


The Bisected Brain 


By Michael S. Gazzaniga. New York: Appleton-Century-Crofts, 1970. Pp. xii, 
172. $10.00. 


The sheer conceptual beauty of the split-brain procedure lies not only in 
its power in localizing the site at which memories are stored but in the fact 
that the same surgical and experimental methods can be used on men às 
well as animals—and with complete ethical justification. For it turns out that 
certain epileptics with a focus in one hemisphere are sometimes aided by 
division of the huge commissures that connect their cerebral hemispheres to- 
gether. This operation limits the spread of seizures to one half of the brain 
and in many cases, for an unknown reason, reduces their frequency and sever- 
ity as well. 

The technique was first used on humans more than 30 years ago, but, per- 
haps because of incomplete transection or inappropriate tests, no severe psy- 
chological deficits were observed. But in recent years a new series of patients 
have been treated and R. W. Sperry's group at Pasadena has tackled the 
question of whether the patients’ minds had been split as well as their brains. 
M. S. Gazzaniga was there at the start and he has been in the front line o 
experiments on lower animals as well as split-brain humans ever since. In this 
short and snappy book, he provides a much-needed review of the role of the 
commissures in the transfer of information between the hemispheres. Unfor- 
tunately, like so many first editions nowadays, it is badly marred by printers 
and proofreader’s errors. 1 | : 

The book has а self-confessed bias not only toward the questions that in- 
terest Dr. Gazzaniga but also toward his particular prejudices and hypotheses. 
He begins in a novel way by describing the actual surgical methods for di- 
viding the hemispheres of monkeys, cats, and pigeons. Unfortunately, this 
admirable attempt is not helped much by the rather confusing diagrams. 

Gazzaniga argues forcefully that commissurotomy causes total physiolog* 
cal disconnection of the two sides of the brain. He produces convincing evr 
dence that apparent communication between the hemispheres is often due (0 
what he calls “cross-cuing.” The ability to reach for an object (seen by on 
hemisphere) with the ipsilateral hand (controlled by the other hemisphere 
is due to the fact that the seeing hemisphere can turn the head, neck, 4? 
shoulders toward the object and the hand can just be shot out blindly to РЕ 
it up. The position of a flash of light shown to the left visual hemifield an 
jecting to the right hemisphere) can be described verbally. Gazzaniga e 
that this is due to the right hemisphere's controlling speech or to subcortie 
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interhemispheric connections: the left hemisphere merely takes note of where 
the right hemisphere directs the head and eyes. The apparent lack of dis- 
ability in humans with agenesis of the corpus callosum is also explained in 
these terms, as well as a host of other strange findings. In general, this argu- 
ment is ingenious and feasible. However, there seem to be one or two excep- 
tional cases that cannot be accounted for by "cross-cuing"; indeed there is 
considerable evidence for ipsilateral sensory and motor pathways and sub- 
cortical sensory function, at least in lower animals. One rather blatant omis- 
sion is reference to Trevarthen’s argument that collaboration between the split 
hemispheres can only be optimized by simultaneous presentation to the two 
hemispheres of the objects to be discriminated. 

Gazzaniga also reviews what is known of the neurophysiology of the corpus 
callosum. Here is a big challenge for future research, because no one has 
studied neurons in the anterior part of the commissure and even the visual 
fibers in the splenium have receptive fields no more than very close to the 
midline of the visual field. So there is no explanation for the ability of a 
normal human to describe an object appearing in the periphery of the left 
hemifield. As Gazzaniga points out, breaking the code that callosum uses 
would put us a long way toward understanding the brain. 

Finally, Gazzaniga allows himself a little speculation about the origin of 
cerebral dominance. He suggests that the newborn infant has a functionally 
split brain. The slightest initial tendency for the child to use one hand more 
than the other would lead, by a kind of positive feedback, to explosive de- 
velopment of the corresponding hemisphere, with subsequent superiority in 
language and motor control. This idea is fascinating and fits in with many 
neurological findings, but it still does not explain the initial dominance of 
the left hemisphere nor the superior performance of the right hemisphere in 
spatial perception. б 

In conclusion, this is an important book, coming at ап opportune time. It is 
highly individual but has an adequate bibliography to direct the reader fur- 
ther. It is a useful introduction, for researchers and students alike, to this 
remarkable neurological condition and its use as a powerful research tool. 


Colin Blakemore, The Physiological Laboratory, Cambridge, England 


Brain and Behavior: Vol. 1, Mood, States, and Mind 
Edited by Karl H. Pribram. Baltimore: Penguin Books, 1969. Pp. 496. $2.95. 


This is the first volume of a four-volume series. It is divided into four sec- 
tions, the first of which is comprised of six philosophical-theoretical essays 
intended as a general introduction to the whole series. The remaining three 
Sections cover (a) “Sleep, Alertness, and Mood,” (b) “Physiological Drive 
States,” and (c) “Attention and the Control of Input.” There are 28 articles 
in all; of these, 10 were originally published before 1950, the earliest being 
àn excerpt from Gall and Spurzheim (1809). Of the 18 articles that appeared 
after 1950, 7 were authored or co-authored by Pribram himself. Other authors 
Or co-authors who appear more than once are Karplus and Kreidl, two chap- 
ters; Bailey and Davis, two chapters; Lindsley, two chapters; and Dement, 
three chapters. One final descriptive statistic: the chapters range from 2 to 
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88 pages in length; the longest—nearly 20% of the book—is a review by 
Jouvet of the neurophysiological mechanisms mediating sleep. 

In short, this is a rather idiosyncratic collection, heavily oriented toward 
Pribram’s own views. This singleness of orientation, as well as the limited 
number of substantive topics covered, lends unity to the book even though 
the individual chapters vary considerably in depth and breadth of coverage. 
Moreover, Pribram is to be congratulated for reprinting a considerable wealth 
of hard-to-get historical material rather than succumbing to the temptation to 
include only the most recent—and quickly out-of-date—findings. 

It would be wasteful to review the individual chapters that make up this 
volume. Two chapters, however, struck this reviewer as deserving special 
mention. The first is by the Soviet psychologist Luria, in which he argues 
effectively for the need to consider the social-historical determinants of psy- 
chological processes. Much of Soviet writing on philosophical psychology, 
with its frequent invocation of Marx and Lenin as final authorities, can easily 
discourage Western readers. (The converse is also undoubtedly true. Soviet 
psychologists must tire of reading the dogmatic pronouncements of ‘one way’ 
behaviorists, to use their rather pejorative term.) Western psychologists in- 
terested in physiological mechanisms, especially with regard to such ‘primi- 
tive’ states as mood and emotion, have tended to give only lip service to the 
role of social and historical factors. The real consideration of those factors is 
an aspect of Marxist philosophy that deserves to be taken more seriously by 
Western scientists. 

The second chapter that deserves comment here is the concluding paper by 
Pribram, “Toward a Neuropsychological Theory of a Person.” In it, Pribram 
briefly describes the efferent control of sensory input, which supposedly leads 
to either enhanced or reduced redundancy along afferent channels. Enhanced 
versus reduced redundancy is, in turn, related to such global psychological 
dimensions as ethical versus aesthetic propensities, introversion versus extra- 
version, assimilation versus accommodation, and inner-directedness versus 
outer-directedness, among others. One could never accuse Pribram of lack- 
ing imagination (suffering from too much redundancy?) but it is not unfair 
to point out that the editor of this volume—as he ventures into the thicket 
of brain-behavior relationships—is sometimes an emperor-explorer without 
clothes, 


James R. Averill, University of California, Berkeley 


Brain and Behavior: Vol. 2, Perception and Action 
Edited by Karl H. Pribram. Baltimore: Penguin Books, 1969. Pp. 575. $2.95. 


This is a volume of 27 readings on the central brain processes concerned 
with perception, memory, cognition, and motor functions. Each section has а 
very brief introduction. 

Only 12 of the 27 papers were written since 1960 and only one since pes 
There are surely more informative and up-to-date papers on receptive He 
than the one chosen, which was written in 1966 and which would certain’) 
not give a student an understandable view of this topic. The 1952 paper. | 
Weiss on peripheral-central coordination is included, but there is no selectio 
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from more recent work—by Székely, for instance—work which is transform- 
ing ideas in this field. None of the papers on motor functions is more recent 
than 1956. The one paper on auditory functions contains no reference to 
audition. 

The volume does not succeed in giving an up-to-date coverage or sampling 
of the area, but for the price it is a useful collection of several classic papers 
and some recent material, 

Ian P. Howard, York University, Canada 
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ANNOUNCEMENT 


First International Conference on Gambling 


Gambling, with its increasing popularity and legalization, deserves a thor- 
ough examination. The moral, social, political, economic, mathematical, legal, 
practical, and other aspects of gambling will be considered at this First Inter- 
national Conference on Gambling. 

Objectives of the conference are to involve the general public in the study 
of gambling—registrations will be open to all; to study the status of gambling 
in various countries throughout the world; and to add to our limited knowl- 
edge of gambling by examining research findings and by the exchange of ideas 
among international scholars, writers, and authorities on gambling. 

Areas of discussion will include gambling as a historical perspective and 
the current state of the phenomenon; sociological studies of the topic; cross- 
cultural variations in gambling practices; pathological gambling; the psychol- 
ogy of gambling and risk taking; gambling odds and probability; gambling 
and crime; the problems of legalization of gambling; and the discussion of 
specific forms of gambling, 


Location: York University, Toronto, Ontario, Canada 
Date: June 25-29, 1972 
Fee: $125.00 for full conference, residence, and admission to 


Queen’s Plate 


Accommodation: On campus accommodation is available for conference par- 
ticipants and their spouses 
Programme: Presentation of papers, speeches, informal discussions, dem- 


onstrations, film, exhibits, ete. À 
Visits to races and á Monte Carlo night. 


For further information on the First International Conference on Gambling, 
write to: 

The Centre for Continuing Education, 

York University, 

4700 Keele Street, 

Downsview, Ontario, Canada. 


ог phone: (416) 635-2505. 
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IN GENERALL. _ 


THE PASSIONS OF THE MINDE 
IN GENERALL 


Tuomas WRIGHT 


A Reprint Based on the 1604 Edition with an Introduction 
by Thomas O. Sloan 


In 1604 Thomas Wright, Catholic priest bent on proving that 
loyalty to the Church of Rome should not preclude loyalty to 
the English crown, added to his controversial writings the 
observation that “Italians and Spaniardes, with other inhabi- 
tants beyond the Alpes,” found Englishmen and their neighbors 
“simple, uncircumspect, unwarie, easie to be deceived,” . . - 
partly because they had been brought up “with too much feare 
and terrour. . . . The Italians and Spaniards contrariwise, by 
bringing up their children with more libertie [make them] at 
sixteen . . . as bold and audacious as ours at thirtie.” 


Wherefore, Wright “thought good to trie if a little direction 
would help our Countriemen . . . to discover other men's 
passions, and [learn] how to behave ourselves when such affec- 
tions extraordinarily possesse us." 


Wright’s doctrine that men are meant to use their passions 
follows St. Thomas Aquinas, but Wright carried it further and 
developed the theory that the passions and, subsequently, the 
will may be moved and persuaded by rhetoric, which in the 
seventeenth century encompassed all the language arts. 


After providing a brief biography of Wright, Sloan's introduc- 
tion points out that the importance of Wright’s book to stu- 
dents of literature rests in its clear reflection of the cross-currents 
of political, religious, psychological, and rhetorical movements 
of its time. 440 pages. $12.95. 
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ANNOUNCEMENT 


A Clearinghouse for Research on Civil Rights 


The Center for National Policy Review is devoted to assuring that Federal 
laws and policies in urban areas are implemented to protect the interests of 
minority groups and the poor. We are a group of lawyers and social scientists 
engaged in research and legal action on behalf of the principal civil rights 
groups in the country, including the NAACP, the Urban League, and the 
National Urban Coalition. 

As part of our purpose the Center will serve as a clearinghouse for social 
science research which has implications for Federal policies on equality of 
opportunity. We are soliciting brief summaries of such research which is either 
completed or in progress. Currently our principal concerns are with housing, 
credit practices, federal site selection, employment, and metropolitan school 
desegregation, but we welcome reports on research in other areas of civil 
rights concern such as welfare program administration, political participa- 
tion, and revenue sharing. These research reviews will appear in a quarterly 
newsletter which will be sent to organizations involved in civil rights reform, 
urban studies centers, social scientists, and civil rights lawyers. The Center 
for National Policy Review is located at the School of Law, Catholic Univer- 
sity of America, Washington, D.C. 20017, (202) 832-8525. 

Samuel Gubins 
Director of Research 


Winner of 22nd National Book Award 
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RAYMOND PHINEAS STEARNS 


Stearns discusses virtually every scientist of any 
consequence who lived or worked in colonial 
America. . . . truly a mine of information . . . 
will be useful for years to come. — George H. 
Daniels, Science. 


... a graceful work of scholarship filled with an 
infinite variety of interesting details about a 
period and a place rarely considered in the his- 
tory of science. — Christopher Lehmann-Haupt, 


. a magnificent document. There is nothing 
like it in all the literature on American history or 
on the history of science in America, nor is there 
likely to be for some time. — I. Bernard Cohen, 
Harvard University. $2000 


from your bookstore or from 
UNIVERSITY OF ILLINOIS PRESS 
Urbana Chicago London 


ANNOUNCEMENT 


Visiting Lecturer Program in Statistics 


A Visiting Lecturer Program in Statistics has been organized for the ninth 
successive year. The program is sponsored jointly by the principal statistical 
"organizations in the United States, the American Statistical Association, the 
Biometric Socicty and the Institute of Mathematical Statistics. The National 
- Science Foundation provides partial financial support. Leading teachers and 
research workers іп statistics—from universities, industry and 
have agreed to participate as lecturers. Lecture topics include subjects in 
- experimental and theoretical statistics, as well as in such related areas as 
2 ility theory, information theory and stochastic models in the physical, 
1 1, and social sciences. 
The purpose of the program is to provide information to students and col- 
d Bec about the nature and scope of modern statistics, and to provide 
4 about careers, graduate study, and college curricula ín statistics. In- 
quiries should be addressed to: Visiting Lecturer Program in Statistics, De- 
partment of Statistics, Southern Methodist University, Dallas, Texas 75222. 
` The list of participating lecturers includes: Z. W. Birnbaum (University of 
Washington), Melvin W. Carter ( Brigham Young University), Arthur Cohen 
rs University), Thomas M. Cover (Massachusetts Institute of Tech- 
nology), Edwin L. Crow (U.S. Department of Commerce Research Labora- 
tories, Boulder, Colorado), Herbert A. David (University of North Carolina), 
Н. T. David (Iowa State University), W. А. Ericson (University of Michi 
gan), Donald A. Gardiner (Oak Ridge National Laboratory), Joseph L. 
irth (Office of Statistical Policy, Washington, D.C.), John P. Gilbert 
ard University), Leon J. Gleser (Johns Hopkins University), R. Gnana- 
n (Bell Telephone Laboratories, Murray Hill, New Jersey), William C. 
suenther (University of Wyoming), H. Leon Harter (ARL, Wri -Patterson 
AFB, Ohio), Leon H. Herbach (New York University), Char R. Hicks 
ме University), Warren M. Hirsch (New York University), Ronald R. 
Hocking (University of Houston), Myles Hollander (Florida State Univer- 
E Peter W. M. John (University of Texas at Austin), Leo Katz (Michigan 
State University), S. Kotz (Temple University), Clyde Y. Kramer (Virginia 
Polytechnic Institute), Irving H. LaValle (Tulane University), Eugene Lukacs 
(The Catholic University of America), B. J. Mandel (Washington, D.C.) 
k E. Marshall (Stillwater, Oklahoma), К пех сая aeria 
, P. L. Odell (Texas Tech University), 5. James n 
- Chicago), Tim Robertson (University of Iowa), Richard N. Schmidt (SUNY 
at Buffalo), Paul Switzer (Stanford University), David L. Sylwester (Uni- 
versity of Washington), Benjamin J. Tepping (Washington, D.C.), W. A. 
pson, Jr. (University of Missouri), B. J. Trawinski (University of Ala- 
bama at Birmingham), Bruce E. Trumbo (California State College at Hay- 
Ward), Grace Wahba (University of Wisconsin), K. T. Wallenius (Clemson 
pniversity), John W. Wilkinson (Rensselaer Polytechnic Institute), James 
Yackel (Purdue University). 
4 The organizing committee consists of: H. т. David, S. W. Greenhouse, S. S. 
Gupta, W. J. Hall, L. Katz, L. H. Koopmans, I. Olkin, D. B. Owen (Chair- 
man), G. J. Resnikoff. 
Й 
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A Study of Joyce's Early Work 
EDWARD BRANDABUR 


Brandabur combines literary criticism and psychoanalytic perceptions 
in his analysis of Joyce's early work, particularly Dubliners and the only 
extant play, Exiles. 

Joyce felt that there was "something gone wrong” in Ireland; 
there was a paralysis at its center. Dubliners in particular were 
unconscious and eager victims of ‘‘sadomasochistic neurosis," tending 
to live in vicarious experience of triumph and abasement. Brandabur 
shows that Joyce's style of “scrupulous meanness'' enabled him to 
control his chiefly negative attitude toward Dublin. The author holds that 
a moral purpose of Joyce's writing was to free his compatriots (and 
perhaps himself) from their enslavement to sadomasochism. 

*". . . Brandabur has dug deep and marshalled his evidence with 
vigor. . . . the best psychoanalytic reading of Joyce's early work 
. . . (has) a unique perspective that every student and critic of Joyce 
will have to reckon with." — Robert Scholes, Brown University. $6.95. 
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ENCODING VARIABILITY AND TRANSFER 


Leo Postman and Karen Stark 
University of California, Berkeley 


lin found negative transfer to increase as à function of stimulus T 
ilness in the A-B, A-Br paradigm relative to the A-B, C-B paradigm—a 

win line with the hypothesis of encoding variability. But when both stimulus 
nd response meaningfulness in those paradigms were manipulated in the 
fesent experiment, there was no difference in relative negative transfer with 
kind of meaningfulness. This result, an evaluation of the earlier find- 
ig, and other evidence lead to the conclusion that the hypothesis still lacks 


m empirical support. 


na recent theoretical analysis of transfer, Martin (1968) considered 
he influence of stimulus meaningfulness on the acquisition and reten- 
ion of successive paired-associate lists. The central feature of his analy- 
is was the hypothesis of encoding variability—the assumption that 

ere is variation in the perceptual of the nominal stimuli in a 


in stimulus meaningfulness may be expected to have a favorable effect. 
at in the acquisition of successive lists that share common stimulus 
terms, increases in stimulus meaningfulness may be expected to produce 

creasing amounts of negative transfer. That is, highly meaningful 
ilimuli continue to be encoded in the same way aS the subject moves 
m the first to the second list; consequently, the original associations 


be unlearned in the transfer phase. By contrast, less 
new task is introduced, so 


tions is minimized. In effect, then, for 
the paradigms of 


thesis of encoding varia- 

bility. This experiment compared the A-B, C-B and A-B, A-Br paradigms 

of transfer, using lists of six CVC-digit pairs as learning materials. Stim- 
T" 
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ulus meaningfulness was either high or low. A difference in favor of the 
former was observed in first-list learning. In the transfer phase the high. 
meaningfulness list was again learned faster than the low one under the 
control (C-B) condition; however, the scores of the two experimental 
(A-Br) groups were now identical. This means that a significant amount 
of relative negative transfer (A-Br versus C-B) was obtained when stim. 
ulus meaningfulness was high but not when it was low. This pattern of 
differences was in accord with theoretical expectations (although the 
critical interaction of paradigm and stimulus meaningfulness was not 
evaluated). The same trends were apparent in first-list relearning. 

According to Martin's interpretation, differences in the amount of 
stimulus recoding had counteracted the usual effects of meaningfulness 
in transfer and relearning under the experimental condition. Another 
possibility may warrant consideration, however; namely, that first-list 
associations were a more effective source of interference when stimulus 
meaningfulness was high than when it was low. The differences in speed 
of first-list learning make it reasonable to suppose that associative 
strength at criterion was not equal for the high- and low-meaningfulness 
lists—and variations in the degree of first-list learning may be more 
likely to influence the amount of associative interference under the 
A-Br paradigm than under other conditions of transfer (Postman, 1962). 
Furthermore, in absolute terms the magnitude of Martin's paradigm X 
stim interaction was not great; on trials to criterion 
on the second list, the difference between the A-Br and C-B groups was 
3.95 for the high- and 1.95 for the low-meaningfulness conditions. First- 
list strength, albeit not a powerful determinant of transfer, might well 
produce differences of that order of magnitude. 

The alternative interpretation just suggested implies that the interac- 
tion brs observed should also be found when response rather than 
stimulus meaningfulness is varied. That is, as the level of response mean 
ingfulness becomes higher, first-list associations should be acquired with 
increasing speed and become more effective sources of associative intet- 
ference. There is some evidence in the literature that negative 
does, indeed, increase with the level of response meaningfulness, both 
for the A-D (Goulet, 1965; Jung, 1963) and the A-Br paradigm (Merikle, 
1968). In the latter experiment, comparisons between the C-B and the 
A-Br paradigms showed increases in relative negative transfer as а 
function of both stimulus and response meaningfulness. The conditions 
of that study differed, however, from Martin's in several important те" 
spects: pairs of trigrams were used as the learning materials, with 
stimulus and response meaningfulness varied factorially; the drop-out 
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w 
method was used in learning,and the transfer phase was preceded 
by а test of first-list recall. The results may, therefore, have limited 


paradigm 
meaningfulness under parallel conditions. The question of interest was 
whether the influence of meaningfulness on relative transfer is specific to 
the locus at which this variable is manipulated. Such specificity seems 
essential if the observed effects of stimulus meaningfulness are to be at 
tributed to encoding variability rather than to processes that are a 
function of stimulus and response alike. 

A reappraisal of the relation between stimulus meaningfulness and 
transfer is timely too because other recent evidence bearing on tbe 
hypothesis of encoding variability has been largely negative. First, when 
stimuli permit selection of alternative features, subjects have apparently 
failed t» switch from one type of cue to the other so as to change the 
functional paradigm of transfer and to minimize the possibilities of asso- 
dative interference (Goggin and Martin, 1970; Houston, 1967). More: 
over, when stimulus selection is brought under experimental control and 
a change in functional cues is effected, transfer performance has re- 
mained unaffected (Williams and Underwood, 1970). Finally, in direst 
contradiction to Martin's hypothesis, negative transfer under the A-B, 
A-D paradigm has been found to be independent of stimulus mean- 
ingfulness (Weaver, McCann, and Wehr, 1970). 


METHOD 


—Design—The experiment was designed to assess the influence of bath АНЕ 
ulus and response meaningfulness on transfer under ү 
paradigms. The earning materials were lists of paired акенин SP 
CVC trigrams and two-syllable adjectives. The ce 
representing the factorial combination of the two paradigms (CR st on 
two types of pairs (trigram-adjectice and adjectice-trigram), 

of trigram meaningfulness (high and low). 


items were 100% .1 The values ranged from 19% to 24% 
meaningfulness lists, and from 19% to 23% in the other. Both intralist and 
interlist formal similarity were minimized. Ten different meee eer i 
different oe re used within each list. There were only us occupied 
of consonante between the two sets of trigrams, and these two 


$ 
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different positions. Two sets of six two-syllable adjectives were used. There 
were no duplications of initial letters either within or between sets. Meas. 
ingful similarity both within sets and between sets was minimized by impec- 
tion. 

At a given level of meaningfulness, there were four basic lists, representing 
the possible combinations of the two sets of trigrams and two sets of adjectives. 
For each basic list there were two different pairings of the stimulus and re 
sponse terms. Thus there were altogether eight different lists at each level of 
meaningfulness, lists which were used equally often as the first and the second 
task. 


—Procedure—Learning was by the anticipation method at a 2:2-sec rate, 
with a 4-sec intertrial interval. The lists were presented in six different random 


second list 

longer. The interval between the two lists was 1 min 30 sec. 
A test of recall for the first list was given 1 min 30 sec after the end of 
second-list learning. The stimulus terms were presented at a 10-sec rate, and 
was required to recall the responses. No feedback was given during 
recall trial. Since all subjects had at least 10 transfer trials, the degree of 
overlearning on the second list was not equated across conditions. Also, since 
the time between the end of interpolated learning and the test of recall was 


eight, with one subject in each condition per block. The running order within 
b was ined by means of a table of random numbers. 


—Comparison with Martin's procedure—The four treatments in which the 
trigrams occupied the stimulus positions in the paired-associate lists repre- 
sented a replication of Martin's design. However, some changes were made 
in the present experiment. First, new sets of trigrams were constructed, be- 
cause in the earlier study the lists at the two levels of meaningfulness were not 
fully equated with respect to either intralist or interlist formal similarity. Sec- 
ond, the trigrams were paired with adjectives rather than the digits 1-6. 
Third, conventional paired-associate practice was substituted for the selective- 
reinforcement procedure Martin used. 

The reasons for the last two changes were these. In Martin's experiment T 
correct stimulus-response pairings were never presented. Instead, the su 
jects were instructed to guess a number between 1 and 6 to each of the stim- 
ulus terms, and a feedback light was used to confirm correct responses. · 
procedure has several potential disadvantages: (a) random variability in item 
strength at criterion is promoted by the fact that the point at which the correct 
response to a given stimulus is discovered is a matter of chance; (b) 
guessing requirement probably inflates the error rate as compared to 
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onal procedure; (с) guesses reflecting preexperimental анса ое 

to be more persistent to high- than to low-meaningfulness stimuli. 
of these possible complications, it seemed preferable to revert to the 
onal method of paired-associate practice. the 
consecutive digits as responses may encourage the of 
strategies during the acquisition of a short list even the con- 
procedure, the trigrams were paired with adjectives rather than 


| 


RESULTS 


In the interest of facilitating comparison with Martin's findings, the 

rious measures of performance are first considered for the trigram- 

jective and the adjective-trigram lists separately, after which the dif- 
nces between the two types of materials are evaluated. 


ne type of list. Criterion on the 
ster when stimulus meaningfulness was high than when it was low 
IF(1, 62) = 5.76, p < .02]. Such a difference was also reported by 


Speed of acquisition was directly related to the level of meaningful- 
ess for the adjective-trigram lists [Е(1, 62) = 
Was slower when the trigrams were in 


Two measures of transfer are presented in Table 1: the mean total 
numb om of correct responses in 10 trials of second-list learning, and the 
n numbers of trials to criterion on that list. High stimulus meaning- 
Ss continued to have a favorable influence on I with 
trigram-adjective lists in the transfer phase, but this effect was some- 
greater under the C-B than under the A-Br paradigm. Thus, both 


ures showed slightly larger amounts of relative negative oped 


r versus C-B) for the high- than for the low- | 
ent agreement with the trend observed by Martin. It should be 
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Table 1. Measures of acquisition and recall 


List 1 List 2 
Correct, 
trials 
Condition T/e Recall 1-10 T/c 
Trigram-adjectives 
A-Br (H) 8.12 3.19 37.50 8.69 
C-B (H) 6.62 5.12 49.88 4.75 
A-Br (L) 10.12 3.25 34.38 9.94 
C-B (L) 10.62 4.19 40.31 8.31 
Adjective-trigrams 
A-Br (H) 9.38 3.19 37.69 9.94 
C-B (H) 10.56 5.12 45.31 5.56 
A-Br (L) 15.75 3.50 30.69 13.00 
C-B (L) 14.12 4.56 42.69 7.88 


Note: H and L designate high and low meaningfulness respectively; T/c is 
trials to criterion. 


noted, however, that the sampling differences in first-list learning, 
although not reliable, showed a parallel pattern: a larger difference be- 
tween the C-B than between the A-Br groups. In any event, the inter- 
action of paradigm and stimulus meaningfulness was far from significant 
(F — 1.59 and 1.03 for correct responses and trials to criterion respec- 
tively). The main effects of stimulus meaningfulness and of paradigm 
were significant for both measures at the .05 level or better. 

At this point, a direct comparison with the measures of transfer re- 
ported by Martin is in order. As noted previously, he did not test the 
interaction of paradigm and stimulus meaningfulness. Instead, the dif- 
ferences in the percentages of net transfer at each level of stimulus mean- 
ingfulness were evaluated separately. The net percentage of transfer 
from the first to the second list was determined by the formula 100 X 
(Tr > T2) / (Т, + T3), where T is trials to criterion. Application of this 
formula presumably takes account of individual differences in learning 
ability (although the percentages calculated to widely varying bases are 
likely to be unstable). The mean percentages of transfer obtained in 
Martin's experiment and in the present study are juxtaposed in Table 2. 
Clearly, the earlier finding was not replicated: in our results the differ- 
ences between the two paradigms were quite comparable at the two 
levels of stimulus meaningfulness. 
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` We turn now to the transfer results for the adjective-trigram lists 
{Table 1). The high-meaningfulness lists had an apparent advantage 
"over the low ones, but the difference fell short of significance [F(1, 60) = 
‘Al for total correct responses and 3.93 for trials to criterion, with a 
` value of 4.00 required at the .05 level]. Performance was significantly 
better under the C-B than under the A-Br paradigm. The F ratios for 
correct responses and trials to criterion were 14.19 and 12.26 respectively 
(рз < 01). The interaction of paradigm and meaningfulness was again 
far from significant (F < 1 in each analysis). Thus, the amounts of rela- 


Table 2. Mean percentages of transfer 


——— MB ____ ег LL LL ee eee 
Trigram-adjectives Adjective-trigrams 

Experiment A-Br С-В А-Вг С-В А-Вг С-В А-Вг С.В 

(н) (н) (L) (L) (н) (н) (L) (L) 

Present —98 99 —13 142 —10 254 S51 30.3 


Ман (1968) —19 258 132 994 _____ 
Note: Н and L designate high and low meaningfulness respectively. 


A comparison of the measures of second-list learning for the two types 
of list (trigram-adjective and adjective-trigram) shows that the scores of 
corresponding conditions were in general quite similar. Thus, variations 
in stimulus meaningfulness and in response m i had essen- 
“tially parallel effects on performance. In overall analyses of the two 
transfer measures, neither the main effect of the type of list nor any of its 
. interactions with other variables approached significance. 


First-list item strength and transfer 


The hypothesis of encoding variability implies an inverse relation, for 
` individual stimuli in a list, between the strength of the first-list associa- 
tion and transfer performance. Presumably, ease of first-list learning, and 
hence strength at criterion, reflects the stability of stimulus encoding— 

stability at the same time conducive to associative interference in the 
transfer phase. The same negative correlation can, of course, be pre- 
dicted on the assumption that the strength of the competing prior asso- 


D 


468 POSTMAN 


ciation determines the amount of associative interference for а 3 
ular pair. However, if encoding variability is the decisive и 
correlation should be more pronounced when stimulus me il 
is low than when it is high. This further prediction follows from 
premise that the intrinsic variability of encoding is greater in 1 
than in the latter case. 

The relevant data are presented in Table 3. The first-list f of 
subject in the A-Br groups were evenly divided into an ‘easy’ am 
‘hard’ category on the basis of the frequencies of correct cipatio 
during acquisition. The total numbers of correct responses d L 
10 transfer trials were then determined for the corresponding se 
list pairs (identical stimuli). The means of these scores are listed in 
table. Clearly, there was no relation between the ease of first-list lear 
ing and transfer performance in the acquisition of the trigram-adjecti 
lists at either level of stimulus meaningfulness. Thus, the predic 
derived from the hypothesis of encoding variability was not confin 
(In the case of the adjective-trigram lists, there was a slight co 
for low-meaningfulness pairs, but it was not reliable.) 


Table 3. Mean numbers correct in transfer as a function of ease of first-lisi 
learning 2 


Trigram-adjectives Adje 
Condition کڪ‎ 

Hard Easy Hard 
A-Br (H) 18.7 18.8 18.7 
A-Br (L) 16.7 17.7 13.4 


Note: H and L designate high and low meaningfulness respectively. 


Interlist intrusions 


The greater the stability of encoding, the higher should be the prc 
ability that the first-list response to a given stimulus will continue to 
elicited during second-list learning. Hence, the frequency of interli 
trusions in transfer should increase as a function of stimulus m 
fulness. A direct test of this deduction is difficult, since intralist 
and interlist intrusions cannot be differentiated under the A B 
digm. However, an estimate of the relative frequency of associa 
trusions is provided by the ratio of previously correct responses 0 
total number of intralist errors. This ratio, based on frequencies 
over subjects, was 75/188 — .39 when stimulus meaningfuln 
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high, and 58/128 45 when it was low. Thus, the small difference that 
was found was in the direction opposite to the predicted one. The 
corresponding values were 41/128 = 32 and 37/98 = 35 for the high- 
and low-meaningfulness adjective-trigram lists respectively. The per- 
sistence during transfer of first-list responses to specific stimuli appears 
to be independent of both stimulus and response meaningfulness. 


First-list recall 


The mean numbers of first-list responses recalled after the end of inter- 
polated learning are shown in Table 1. For the trigram-adjective lists, 
retention was lower under the A-Br than under the C-B paradigm 
[F(1, 60) = 18.47, р < .01]. This difference was greater for the high- 
than the low-meaningfulness lists, but the interaction of paradigm and 
meaningfulness was not significant (F = 2.22). The direction of the dif- 
ference agrees with the trend in first-list relearning observed by Martin. 
However, the pattern of recall scores was the same for the adjective- 
trigram lists, yielding Fs of 4.05 (p < .05) for the difference between 
paradigms and of less than 1.00 for the interaction. In an overall analysis 
of the recall scores, F was less than 1.00 for all interactions involving 
type of list. 


DISCUSSION 


The purpose of this investigation was to reexamine the interaction of 
paradigm and stimulus meaningfulness that Martin interpreted as evi- 
dence for the operation of the principle of encoding variability in trans- 
fer. Both response and stimulus meaningfulness were manipulated in 
order to assess the merits of an alternative explanation in terms of dif- 
ferences in first-list strength related to meaningfulness. The original ob- 
jective could not be accomplished in its entirety because Martin's re. 


ocally negative results, that is, a complete absence of any interaction of 
paradigm and stimulus meaningfulness. The manipulations of response 
meaningfulness and of stimulus meaningfulness yielded essentially 
equivalent trends. 

The differences in material and procedure may be responsible p the 
apparent discrepancy between the two studies. The sig ip is, 
however; that under conventional conditions of practice (those in 
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the large majority of transfer studies), the critical interaction failed to 
materialize to any significant degree. It may not be amiss to suggest here 
that Martin’s original evidence was sufficiently marginal to make the 
present negative results not too surprising. In his study the extent of 
the interaction in terms of the untransformed measures of acquisition 
was small, and there is no indication that it was significant. The differ- 
ences seemed more impressive when the percentages of net transfer were 
considered, although (as already noted) the significance of the critical 
interaction was not reported and percentages taken to a widely varying 
base are apt to be unstable and should be viewed with caution. The 
purpose of these comments is not to press the statistical criticisms of 
Martin’s analysis but rather to emphasize the point that the data in hand 
appear to have been marginal. Consequently, the present findings 
leave the original conclusion about the effects of sumulus meaningful- 
ness on transfer with minimal empirical support. In view of the negative 
results of the studies mentioned in the introduction to this paper, it is 
fair to conclude that there is little evidence at the present time for en- 
coding variability as a significant factor in transfer. 

It was suggested that differences in first-list strength as a function of 
either stimulus or response meaningfulness might influence the amount 
of associative interference under the A-Br relative to the C-B paradigm. 
The measures of transfer gave no support to this speculation. It should 
be noted in this connection that Merikle’s results (with paired trigrams 
and under different conditions of acquisition and testing; 1968) were not 
duplicated either. The exact conditions under which variations in stim- 
ulus meaningfulness or in response meaningfulness influence the amount 
of associative interference remain to be identified. 


Notes 


This research was supported by Grant MH 12006 from the National Institute 
of Mental Health. Received for publication December 11, 1970. 
1. Except for one item with a value of 99%. 
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‘CODING’ IN STUDIES OF ACOUSTIC AND 
SEMANTIC INTERFERENCE AND CONFUSION 


Michael M. Gruneberg and Robert N. Sykes 
University College, Swansea, Wales 


This paper considers what is meant by the term ‘coding’ in those experiments 
on acoustic and semantic and confusion that claim to demonstrate 
different coding systems in short- and long-term memory. It is questioned 
whether any ing Yit as to the nonexistence of a coding system can ever be 
made on the basis of interference and studies. 


One of the main lines of evidence claimed to support а distinction 
between short- and long-term memory systems comes from the studies 


less well recalled than are semantically related sequences or nonrelated 
sequences ( Baddeley, 1966a). From this evidence it is concluded that 
semantic coding does not occur in short-term memory. It was also con- 
cluded by Baddeley (1966b), on the basis of experiments on the effects 
of acoustic and semantic similarity of items on Jong term retention. os 


from this type of experiment. What is meant by coding? And what con- 
clusions bt coding can be drawn from experiments on interference 
and confusion effects? М 
Specifically, when one deals with the meaning of the term ‘coding’ in 
the context of acoustic-confusion experiments, two ehe aum 
By coding might be meant (a) that each item is represented along an 
acoustic dimension or (b) that the ть 
stored along an acoustic dimension. Now, as Gruneberg, 
frow, and Woods (1970) have pointed out, the fact that one 9 wr 
produce on demand words which are acoustically related to у= 
words indicates long-term acoustic storage. This is because no d 
what strategy one employs in generating acoustically айин wen 
there must be a point at which the internal representation sies 
nemic sequence generated is compared with stored m 2d 
that the sequence isa word. At the very minimum, therefore, ‚ей 


474 GRUNEBERG AND SYKES 


sary to postulate acoustic storage of items over the long term in order 
to account for this type of phenomenon. 

Again, while it is logically possible that the representation of the 
acoustic relationship between items is not formed, or has atrophied 
over the long term, the fact that one can produce, on request, acous- 
tically similar words indicates at least the possibility of acoustic asso- 
ciations in memory over the long term. Those who wish to establish a 
dichotomous theory of memory on the basis of differential coding must 
deny a role to acoustic relationships over the long term. It is not enough 
to point out that there are other possibilities than acoustic relationships 
to account for the evidence; it must be positively shown that the as- 
sumption of acoustic relationships is not justified. 

The second question concerns the inferences that can be drawn from 
experiments on confusion and interference effects, If one were to claim, 
as Baddeley (1966a) reasonably might, that by coding is meant rela- 
tionships between items rather than any coding of the items themselves 
(in Baddeley’s experiment the actual items were available for inspec- 
tion, the subjects having only to recall the order in which the items 
were presented), then the assumption must be that confusion effects 
indicate underlying coding of relationships, whereas the failure to find 
confusion effects allows one to presume that the coding of relationships 
does not exist, 

Yet this last presumption is clearly not logically defensible. Lack of 
confusion effects for, say, semantically related material might merely 
indicate that material related in such a manner is more resistant to the 
effects of certain factors which cause forgetting. It cannot be concluded 
that underlying semantic relationships do not exist.1 Hence it cannot be 
concluded on the basis of experiments involving confusion or interfer- 
ence effects that the absence of such effects indicates the absence of 
certain types of coding systems. 

It might be added that this second argument is true also of evidence 
claiming to show a precategorical acoustic store (Morton, 1970), for 
interference-effects evidence of an acoustic store does not preclude the 
possibility of the existence of other stores undetectable by this method: 
As material being listened to can almost immediately be identified in 
terms of some semantic categories (e.g, language; ‘it is English, ОГ 
‘German,’ or whatever), it is reasonable to doubt the adequacy of the 
conclusion that there is a precategorical acoustic store which lasts more 
than a fraction of a second. To do so on the basis of experiments on 
interference effects is analogous to arguing that because Woolworth’s 
can be shown to sell sweets it is a sweetshop. 
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Although the claim that short- and long-term memory involve differ- 
ent coding systems hardly seems justified by evidence of interference 
and confusion effects, it is still theoretically possible that acoustic in- 
terference or confusion effects are confined to the short term and se- 
mantic interference or confusion effects to the long term. The empiri- 
cal evidence is, however, against such a hypothesis. Underwood and 
Freund (1968), Gruneberg and Sykes (1969), and Gruneberg et al. 
(1970) have shown acoustic-confusion effects over the long term using 
a recognition test. Wickens et al. (1970) and Bruce and Crowley (1970) 
have shown acoustic interference effects in long-term memory using re- 
call techniques, and Baddeley himself (Baddeley and Warrington, 1970) 
allows that an earlier experiment of Brown and McNeil (1966) indi- 
cates acoustic coding in long-term memory. Brown and McNeil found 
that when subjects guessed a word for which a meaning was supplied, 
an acoustically similar but incorrect word was often given. 

As to semantic confusion in short-term memory, evidence of this is 
present in the work of Underwood and Freund (1968), using a recog- 
nition technique, and in that of Loess (1968) and Corman and Wickens 
(1968), using recall techniques. Some effects of semantic confusion in 
short-term memory are also to be found in the original work of Bad- 
deley (1966a). 

The empirical evidence, then, also is against establishing a dichoto- 
mous theory of memory on the basis of certain ‘characteristic’ types of 
interference or confusion effects in one memory system rather than an- 
other. It seems reasonable to suppose that incoming items are coded 
both as individual items and relationally, in terms of both sensory and 
semantic characteristics, and that such coding is persistent over the 
long term. 


Notes 


Received for publication October ECHTE . 
l. However, studies that show semantic coding in the short term using re- 


lease from proactive inhibition (Wickens, 1970) can probably claim only 


to show item coding, not relational coding. 
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THE TWO ILLUSIONS OF MULLER-LYER: 
CONFUSION THEORY REEXAMINED 


Robert Sekuler and Albert Erlebacher 
Northwestern University 


The Miiller-Lyer illusion was studied in both the tails-in and tails-out forms, 
with both the distance between the tips of the tails and the size of the angle 
formed by the tails and the shaft factorially varied. The results force two con- 
clusions: that there are two functionally different Miiller-Lyer illusions, one 
with tails in and one with tails out, and that the confusion theory offered 
earlier does not explain both. 


| ‘Confusion’ theories (Woodworth, 1938, p. 645) have been prominently 
used to explain the Müller-Lyer and other geometrical illusions. Erle- 
` bacher and Sekuler (1969) addressed the question of what, in fact, might 
be ‘confused’ when subjects judge the length of lines with а 
‘tails,’ or obliques. We concluded that subjects judge not only the actual 
line length but incorporate into their judgment the distance between the 
- ends of the obliques. The perceived length then is a compromise be- 
tween these two quantities. This conclusion resulted from a series of 
experiments on that version of the Miiller-Lyer figure with the obliques 
+ directed inward. The independent variables were the length of obliques 
and the angle these obliques made with the shaft. 

Briefly, those experiments showed (a) that with the size of the angle 
between obliques and shaft varied, and with the lengths of those 
obliques held constant, then the smaller the angle, the smaller the shaft 
appeared and the greater the illusion; (b) that with the size of the angle 
varied, and with the lengths of the obliques varied to keep à constant 
distance between their ends, then the magnitude of the illusion re- 
mained constant; and (c) that with the size of the angle and the distance 
between the ends of the obliques factoriall varied, then there was à 


sions), a very small and statistically nonsignificant effect of angle size, 
and a small but significant interaction of distance and angle size. The 


by the distance between the ends of the obliques—revising it to reflect 
the fact that when the ends of the obliques are near (perpendicular dis- 
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tance) the to-be-judged line, they have a greater effect than when the 
are farther away. 

The present study was designed to test the confusion hypothesis on. 
that portion of the Müller-Lyer figure with the tails directed outward. _ 
Again, the distance between the ends of the obliques (intertip distance) — | 
and the angle the obliques made with the shaft of the figure were var 
in a factorial design. Our original observations (Erlebacher and Sek 
1969) on the tails-in Miiller-Lyer figure were repeated in the pr 
experiment to facilitate comparison between the data for both fe 
of the illusion. 

To further broaden the base of generalizability of the previous 
several other changes were made. In our earlier experi: ent, the method 
of reproduction was used to obtain points of subjective equality (PSEs). 
In the present experiment, the up-and-down method of Dixon and 
Mood (1948) was employed. Moreover, in the earlier experiment thi 
figures were rather large—averaging about 4.5 deg visual angle. In t 
present experiment the figures subtended approximately 1.5 deg visual 


ou « 
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METHOD 


—Design—PSEs were obtained for 42 figures. Of these, 33 were expe 
figures with a 43-mm shaft length. Nine ‘filler’ figures whose shaft leng 
46 mm were used so that the subject would have nonillusory length 
ences available, increasing the apparent validity of his task. The exper 
figures were of three types. Sixteen figures were of the tails-in variety am 
came from a factorial combination of four angle sizes (10, 30, 50, and 70 d 

and four intertip distances (12.90 mm, 19.35 mm, 25.80 mm, and 
Sixteen more figures were of the tails-out type and came from the f 
combination of four angle sizes (170, 150, 130, and 110 deg) and four i 
tip distances (73.10 mm, 66.65 mm, 60.20 mm, and 53.75 mm). One 
was a plain line with no tails. It was introduced as a reference stimi 
evaluate any constant error not caused by the illusion-producing obliq 
the filler figures, four were of the tails-in variety, four of the tails-out typ 
and one a simple straight line. 


—Subjects—Twenty-three male and female semi-volunteers, students 

troductory psychology at Northwestern University, served in all condit 
the experiment. They were individually tested. 
—Stimuli—The 42 standard stimuli were vertically oriented black-o 0-37 
figures rear-projected onto a film-coated glass screen by а film-strip P! 
The illuminated area measured 21.5 cm vertically by 16 cm horizon 
the figures were centered in this space. The shaft length was 43 mm #08 
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experimental figures and 46 mm for the filler figures. The 
din was adjusted for each figure in order to obtain the 
of obliques with shaft and the specified intertip distance. The 
the figures had a luminance of 136 cd/m? and the contrast of the stimuli 
approximately .90. The subject sat 1.75 m from the screen, which was about 
at eve level. These geometrical relationships figures whose straight- 
line segments subtended 1 deg 24 min and 1 30 min for the experimental 
and filler stimuli respectively. The 42 stimuli were in a strict rem- 
dom order, which repeated itself in a continuous loop after each presentation 
of all 42 figures. Two such random orders were used, 8 subjects being run 
with one and 15 with — ра [PSP ы 

The variable stimulus by na ed 
was a vertically oriented line without tails, presented in the center of а Om, 
computer-controlled cathode-ray tube, The line was lighted while the back- 
ground was dark. The luminance of the line was 17 cd/m* 
cathode-ray tube was 48 cm to the left 
the standard stimuli were projected, and it was displaced 175 an to 
avoid all-too-reliable vernier comparison. 


—Procedure—The psychophysical method used was the method 
(Dixon and Mood, 1948). For са method wad dide er wes а =н 
On the first presentation of a standard stimulus, the variable stimulus ua 
415 mm long for all stimuli. The subject then indicated whether the 
Appeared Jonger or shorter than the variable, I the onde Se a made 
ger, then on the next presentation 
О, төп бү 43 my im length. f the standard was judged as shorter than 
the variable, then on the next trial that this standard was ~ 
able stimulus was made 1.5 mm shorter, or 40 mm long, On each 
presentation of that standard stimulus, the variable stimulus was ede sr 
longer or shorter, depending on whether on its last presentation quem 
was judged as longer or shorter than the variable. There were 7A Wy а 
each of the 42 standard stimuli, making a total of 462 jadipnents. d f 
indicated his judgment by flicking a toggle switch to Ei lee 
Giving all 11 trials for a given standard stimulus all at онсе wii ld 
produced a spurious correlation among the judgments he had made on 
occur whenever the subject could remember what response ا‎ 
the last presentation of a particular stimulus. To avoid such а bise " 
tral on e given m came ater the subject hed mede s joues m 
each of the other 41 stimuli. In other words, 41 judgments Tt would 
A judgments involving a given standard S in d 
cult, if not impossible, to identify 
ones (Miller, ‘spy ad even if such identification were possible the 


RE 


trials 
would be hard put t d even per what response he had made to it 42 
od be, hard put to гоа be made, thes, that each trial yielded an inde- 
pendent judgment. ire 


Timing of stimulus presentation was aS follows: first a standard 
e da the screen, and .15 sec later the variable stimulus appeared 


the cathode-ray tube. Both stimuli disappeared simultaneously, 3.15 sec 


a 
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the onset of the standard stimulus (and 3.00 sec after the onset of the 
able). The subject could make his response only after the offset of the stim 
Though he had an unlimited time to make his response, the average 
time was 1 sec. A new standard stimulus appeared 1.75 sec after the respon 
was made. Since the screen of the cathode-ray tube was coated with a short- 
persistence (P-31) phosphor, the standard stimulus became invisible w 
several milliseconds of the time at which the computer ceased to refresh t 


display. 


RESULTS 


Calculation of PSEs 


A PSE was obtained for each subject for each standard stimulus bj 
the usual procedure for the up-and-down method. For the 11 trial 
which a given standard stimulus was presented, it was determined ¥ 
response— greater' or ‘lesser’ than the variable—was the less freq 
The mean length of the variable stimulus on those trials when th 
sponse was made was then calculated. If that less frequent response ¥ 
‘greater,’ then .75 mm (half the 1.5-mm step size) was added to the cale 
lated mean. If the less frequent response was ‘lesser,’ then .75 mm ¥ 
subtracted from the calculated mean. 


Tails-in illusion 


The mean PSEs for the tails-in figures as a function of intertip 
tance are shown in the bottom half of Figure 1. Also plotted in F 
is the 41.39-mm PSE for the line without tails. Figure 1 shows 
the intertip distance for the tails-in figures increased, so did the PS! 
The magnitude of the illusion decreased. That same relationship cat 
seen in Figure 2, where angle size is shown on the abscissa and inter 
distance is the parameter. Moreover, it can be seen in Figure 2 nat, 
general, as angle size increased, so did the mean PSE. The 70-deg 
yielded a very small illusion; the other angle conditions, differing säg 
from each other, yielded a larger illusion. An analysis of variances л 
that both intertip distance and angle size were significant source 
variation [F(3, 66) = 17.25, p < .01, and F(3, 66) = 23.85, p < “№ 
distance and angle size respectively]. The interaction between these 
variables was not statistically significant [F(9, 198) = 1.79]. The 
PSEs for the four angle sizes were 38.54 mm, 38.84 mm, 39.25 mm 
40.64 mm for the 10-, 30-, 50-, and 70-deg angles respectively. 
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INTERTIP DISTANCE TARS-OUT (mm) 


na 7 ©) one 


MEAN PSE [тт] 


ne ma ue n3 
INTERTIP DISTANCE TAAS-IN Геј 


Fig. 1. Mean PSE for both tails-in and tails-out figures as a function of inter- 
tip distance; the PSE for the tailless line is also given 


Tails-out illusion 


The top portion of Figure 1 shows the mean PSEs for the tails-ont 
figures as a function of intertip distance. The abscissa values are indi- 
cated at the top of the figure and are shown in decreasing magnitude. It 


facilitate comparison with experiments in which the entire Miiller-Lyer 
figure is used. experiments in which there is a line with tails inward ss 
well as one with tails outward. In those cases, the two portions of 


angles for the tails-out portion and the tails-in portion are complemen- 
tary) and a small intertip distance for the tails-in figure corresponds to a 
large intertip distance for a tails-out figure. Accordingly, Figure 1 places 
data points for corresponding tails-in and tails-out figures in the same 
column. If one assumed additivity of the two portions of the illusion, 
one might predict the amount of illusion by the vertical distance 

tween corresponding points in the two parts of Figure 1. In this fashion, 
one might say that the largest illusion would result from those figures 
with the longest tails. But this relationship is due largely to the intertip 
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MEAN PSE [^J 


10 30 so 70 


ANGLE [degrees Ј А 


Fig. 2. Mean PSE for tails-in figures as a function of angle size; intertip dis: 
tance is the parameter 


distance of the tails-in figure, since the tails-out PSEs varied but littl 
with intertip distance. 

Finally, Figure 3 shows the mean PSEs as a function of angle size 
Intertip distance is the parameter. Angle size is given in decreasing orde 
on the abscissa for comparability with respect to the full two-part 
Miiller-Lyer figure, as explained above. Figure 3 indicates that ang 


tances, the mean PSEs were 43.41 mm, 44.46 mm, 45.02 mm, and 43.94 
mm for the 170-, 150-, 130-, and 110-deg angles respectively. Analysis of 
variance indicated that intertip distance was not a significant source of 
variation [F(3, 66) = 1.13]. Angle size, however, did have a significant 
effect [F(3, 66) = 5.27, p < .01 or p < .05]. The interaction was per- 
haps significant [F(9, 198) = 2.33, р < .05 or p < .15]. 


DISCUSSION | 


The data from Ње present experiment are generally consistent wit 
the earlier data (Erlebacher and Sekuler, 1969) on the tails-in form of | 
the Müller-Lyer figure. The results with the tails-in figures of ће pres- 
ent experiment confirm the finding, for example, that the intertip be 
tance is an effective variable determining the size of the constant error 

No significant effect of angle size per se was found in the earlier work, 
but it was predicted that such an effect would be manifest given 
sufficiently sensitive measurements and a sufficient range of stimulus 
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MEAN PSE ms] 


ANGLE [degre] 


Fig. 3. Mean PSE for the tails-out figures as a function of angle size; intertip 
distance is the parameter i 


variation. That prediction—that the larger the angle, the smaller the 
illusion—was in fact confirmed by the present results. The reasoning 
behind the prediction was that basically the illusion is caused by the 
subject's incorporating the intertip distance into his judgment of the 
length of the shaft of the figure. However—that reasoning continues— 
with intertip distance fixed, the variation of angle size produces a con- 
comitant variation in the perpendicular distance between the ends of the 
tails and the line to be judged. And as re —— — rg 
creases, the illusion-producing portion becomes 

tant from the line ee eet He Peen S the o бил be 
diminished. 

The only fact from the present experiment not in accord with that set 
of arguments is that the present experiment yielded no significant inter- 
action between intertip distance and angle size. This interaction was 
found in the earlier study and attributed to the variation in the distance 
of the end of the tails from the shaft of the figure. There now appears 
f to be an independent effect of angle size as well as the effect of intertip 
distance. * 

Although this discrepancy between the two experiments is 


ample, the present experiment used stimuli subtending far таен ت‎ 
angles than the previous experiment. It was hoped that u 

size would eliminate or minimize the effects of attention and of multiple 
partial looks. at the stimuli (Pollack, 1970). If this was a successful at- 
tempt, the data of this experiment are in some sense ‘better.’ In general, 
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much greater notice must be given to the basic stimulus parameters 
in studies of illusions than has been the case in much of the past litera- 
ture. Such variables have often been ignored, but the work of Wickel- 
gren (1965) and Fisher (1969) argues effectively for their importance, 
The results on the tails-out portion of the Müller-Lyer figure were 
very different from those on the tails-in portion. The magnitude of the 
illusion varied strongly with intertip distance for the tails-in figures, 
whereas the tails-out figures showed no comparable effect. Moreover, 
for the tails-in figures the magnitude of the illusion was monotonie with 
variation in the angle of the tails, whereas the tails-out figures responded 
to the same manipulation in a strikingly nonmonotonic fashion. Though 
it is difficult to formulate a precise explanation of the illusion resulting 
from the tails-out figures, the phenomena observed here must be ae 
counted for if one is to understand the operation of what is referred to as | 
the Miiller-Lyer illusion. 
One fact emerges strongly from the present experiment: what is 
usually called the Miiller-Lyer illusion is actually two different illusions. 
Both this experiment and others indicate that the illusions resulting from 
the tails-in and the tails-out figures respond in quite different ways to. 
certain stimulus manipulations. For example, Piaget (1969) found that 
with tachistoscopic presentation, variation in the exposure time of the 
figures affected the magnitude of the illusion from the two types of fig- 
ures differentially. With the tails-out version there was à monotonic re- 
lationship—the shortest exposure time producing the greatest illusion. 
The relationship was not systematic for tails-in figures. Furthermore, 
Piaget found that with varying intertip distance (and covarying 
size, to achieve a constant perpendicular distance of the ends 
tails to the shaft of the figure), there was a monotonic relationship for 
tails-in figures like the one found in the present experiment—the greatest 
illusion resulting from the smallest intertip distance. The relationship 
with tails-out figures, however was nonmonotonic. Я 
Some observations reported by Runyon and Cooper (1969) also sup- 
port the dual-illusion hypothesis. They found that removing the 
(leaving only the tails) from the tails-out figures decreased the magni- 
tude of the illusion. Performing the same operation on the tails-in fig- 
ures had the opposite effect. i 
Finally, there is the well-known fact (Binet, 1895; Heymans, b 
that the absolute size of the illusion produced by the tails-in portion 0f 
the Müller-Lyer figure is less than that produced by the tails-out por 
tion. In the present experiment the mean PSE for the tails-in figures \ 
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39.32 mm, and the mean PSE for the tails-out figures was 44.20 mm. 
Measuring from the mean PSE for the line without tails (41.39 mm), the 
mean illusions were 2.07 mm and 2.81 mm for the tails-in and tails-out 
figures respectively? All these observations support the idea that after 
nearly three-quarters of a century of work on the Miller-Lyer illusion, 
we find ourselves in the unenviable position of having not just one but 
two illusions to explain. 

The existence of two illusions, responding in quite different ways to 
variation in certain stimulus parameters, has two major consequences, 
one theoretical and one somewhat more practical. Any theory that pur- 
ports to explain the Müller-Lyer illusion by means of a single factor is 
necessarily incorrect, since there are at least two functionally separate, 
and often incompatible, sets of data to be explained, one for tails-in and 
one for tails-out. An example is ће 'depth-cue scaling’ theory most re- 
cently championed by Gregory (1968) and most strongly supported by 
evidence from experiments in which the perceived depth of a luminous 
Miiller-Lyer figure is compared with the perceived size of the figure: the 
experimental parameter is the angle of the tails. As one might expect 
from the dual.illusion hypothesis, this scaling theory is differential in its 
ability to handle the data from the tails-in and tails-out figures: from 
Gregory's published curves (1968, р. 74), the correlation between per- 
ceived size and perceived depth seems far better for the tails-in figures 
than for the tails-out ones. Similar theoretical obstacles hold 


processes such as lateral inhibition (Bekesy, 1967) or the operation of 
orientation analyzers (Burns, 1968, pp- 104-105). The nonmonotonic 
effect of angle size and the absence of a strong effect of intertip distance 
with the tails-out figures is inconsistent with these theoretical ap- 
proaches. 

In practical terms, the existence of two illusions means that experi- 
menters should avoid the unnecessary complications introduced ~ ^md 
single figure that combines both illusions, at least until the detai E 
each illusion are independently sorted out and the laws governing 
interaction are understood. Just such a figure, often called the — 
version of the Müller-Lyer illusion, has been commonly used in the past 
and is found, in one or another of e meae forms, in many experi- 
mental psychology laboratories. Á ‘ 
Müller-Lyer illusions, would make the Brentano version of the illusion 
Wa for the present pitiful state of the art of un- 


seem far too complica 
derstanding illusions. 


486 SEKULER AND ERLEBACHER 


Notes 


Computer time was made possible through Grant EY 00321 from the Na. 

tional Institutes of Health. The first author's complete address is: Department 

of Psychology, Northwestern University, Evanston, Illinois 60201. The paper 

was received for publication January 13, 1971. 

1. Because of repeated measurements on the same subject, the significance 
level is not clear. The lower level given is the appropriate one if there is 
no correlation of error components; the higher value given is the appro- 
priate one for perfect error correlation (see Greenhouse and Geisser, 
1959). The correct value is somewhere between these. 

2. Although most studies agree fairly well on the relative magnitudes of 
tails-in and tails-out illusions, the present data suggest that those rela- 
tive magnitudes should not be assumed constant and subject only to the 
vagaries of experimental error. Rather, the relative magnitude 
on the particular values of angle and intertip distance used in any given 
experiment (see Figure 1). 
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VISUAL AND HAPTIC ANGLE PERCEPTION 
IN THE MATCHING TASK 


Stuart Appelle 
State University of New York at Brockport 


Forty subjects reproduced angles of 30-150 deg from a series of comparison 


angles presented in ascending and descending orders. Magnitude of error was 
` significantly lower for the visual-visual papan for the , visual- 


haptic, and haptic-visual The 
angle md in agenda dud those for vision and that performance 
differences between modalities reflect both the nature of form discrimination 


"and the nature of the matching task itself. 


The present study had two purposes. First, it examined discrimination 
for a particular feature of form (namely, angularity) rather than form 
discrimination per se. Second, it examined the nature of intra- and cross- 
modal matching experiments. The argument presented is that perform- 
ance differences between modalities reflect both the nature of form dis- 
crimination and the nature of the matching task itself. 

The concern with particular features of form was based on theoretical 
considerations suggesting differences in the use of specific features by 
eye and hand (Revesz, 1950) and on several experiments reporting dif- 


specific 
of form (Appelle and Goodnow, 1969; Cashdan, 1965; Walk, 1965). The 
nature of tho metis experiment provides additional justification for 
an emphasis on specific features, as Goodnow (1969) has demonstrated 
that vision and touch may sample different properties of the same stim- 
ulus and that stimulus properties may differ in salience to the inspecting 
modalities. Thus, the extent of stimulus overlap when one inspects an 


of interpreting from intra- s; 
казын to dil matching experiment must also be considered. Bjorkman 
(1967), for example, has shown that intramodal matching may typically 
be more accurate than crossmodal matching due to the higher correla- 
tion of subjective impressions when standard and comparison are in- 
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spected within the same perceptual system. This should suggest atten- 
tion to the subjective values of both standard and comparison objects, 
but few investigators take that approach when interpreting their results. 
The choice of angle as the particular property to be studied arose out 
of several considerations. First, it stemmed from experiments indicating 
that angularity is an important feature in judgments of form complexity 
(Stenson, 1966; Brumaghim, 1967; Brown and Andrews, 1968; Brown 
and Brumaghim, 1968; Brumaghim and Brown, 1965) and that perfor- 
mance is different for visual (Jastrow, 1893; Pratt, 1926; Logan, 1964), 
haptic (Calabresi, 1933), and crossmodal (Lederman and Taylor, 1969) 
judgments. Second, attempts to resolve confusion over past angle experi- 
ments (Fisher, 1969) do not seem satisfactory. Finally, several experi- 
ments suggest that judgments may be influenced by the direction in 
which the judged angle moves (Pratt, 1926; Calabresi, 1933; Lederman 
and Taylor, 1969). This last factor is interesting in its own right. But also, 
it has generally operated only on comparison objects, not standards. It 
can be used, therefore, to illustrate the importance of considering judg- 
ments of both objects when interpreting from matching experiments. 


METHOD 


—Subjects—The subjects were male and female volunteers, students at George 
Washington University who were unaware of the purpose or nature of the 
experiment. 

—Apparatus— The apparatus consisted of two pairs of wooden arms, 16.5 cm 
long and .5 cm wide, mounted on a Masonite board 48 cm long and 48 cm 
wide. Each pair of arms was constructed with one stationary horizontal arm 
and one variable arm that could form any angle from 0 to 180 deg. These 
‘angles’ were constructed to increase clockwise in arc and were arrange one 
directly above the other, in identical orientation and separated by а distance 
of 25 cm between their horizontal arms. The Masonite mount was placed flat 
on a tabletop directly in front of the subject. A scale calibrated in degrees 
formed a semicircle just beyond the angle, giving each setting exactly. Сат 
parison judgments were made on the angle closer to the subject, while 
standards were always presented with the higher angle. 


—Procedure—The subjects were randomly assigned to one of four experi- 
mental groups, 10 to each group. In the haptic-haptic group, both stan 
and comparison angles were presented haptically to blindfolded subjects. 
Haptic exploration was restricted to the angle arms themselves rather than 
to the angle’s arc or complement, but the kind of haptic activity was dd 
stricted. The only qualification was that the preferred (writing) hand be us 
In the visual-visual group, the subjects visually inspected both the p ^ 
and comparison angles. In the haptic-visual group, blindfolded subjects haP 
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cally explored a standard angle, then made a visual comparison. In the einmal. 
haptic group, the subjects visually explored a standard angle, then were blind. 
folded and made a haptic comparison. 

Three acute angles (30, 45, 60 deg), three obtuse angles (120, 135, 150 
deg), and a 90-deg angle were used as standards. The subjects were instructed 


to explore each angle, either visually or А until it was fixed in 
their memory. They were then with a comparison either 
visually or haptically, and asked to judge whether the comparison was larger 
than, smaller than, or the same size as standard. If angle 
was judged to be larger or smaller than the standard, the — ба 
was adjusted by the experimenter, under the direction of the a 
point of subjective equality (PSE) was reached. was continuous 
rather than discrete, and bot and inspection of the comparison 
angle were continuous and concurrent the adjusting 


standard stimulus was always hidden from view during visual inspection of a 
comparison angle, nor could it be felt during haptic inspection of the com- 
parison. This ensured that in all experimental groups, standard and compari- 
son stimuli were always presented successively. Two одбие were биш ыы 
for each of the seven angles, one with the comparison presented in 
an ascending pattern (starting point at a value less than the objective value 
y the standard) and the other with the сопу a -— presented in a 
escending pattern (starting point greater 
standard). Thus, 14 judgments were made by each subject in each group. 
Starting points varied from 2 to 20 deg from the objective value of the stan- 
dard. Order of presentation was 


3 
= 
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RESULTS 


The mean settings in degrees (PSEs) for each condition and angle are 
presented in Figure 1. Judgments made with an comparison 
angle were always lower than judgments made with the arae ret 
ing descending comparison angle. Analysis of variance of these сү» 
revealed a significant interaction of comparison series and trea 
[F(3, 36) = 3.36, p < .05]. Tests for simple effects were therefore car- 
ried out. 

Differences among intra- and crossmodal groups were pica n 
both types of Amon son seres. The four groups differed signifions ? 
т with the ascending [F(3, m = 327,р bees and descending 

F(3, 72) = 7.03, р < 01] series of comparisons. 
test showed that haptic-visual judgments made on ascending compari- 


sons were significantly 
ments, and significantly smaller than all other groups when judgments 


ascending versus descending trials) 
i (modal) conditions. 


Ф—Ф ASCENDING O=O DESCENDING 


(Degrees) 


Mean PSE 


Standard Angle (Degrees) 
Fig. 1. PSEs for ascending and descending comparison series 


Ascending and descending judgments were significantly different for 
each experimental group (р < .01). The corresponding values for F(1,36) 
were 53.9 (haptic-haptic), 16.82 (visual-visual), 30.82 (haptic-visual), and 
69.73 (visual-haptic). Judgments on ascending comparisons were smaller 
than judgments on descending comparisons on 88.9% of all trials. In 
addition, they were almost always smaller than the true size of the stan- 
dard. Descending judgments were almost always larger. 

The analysis of variance also revealed a significant interaction be- 
tween comparison series and angle [F(6, 216) = 4.14, p < .01]. Tests 
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for simple effects were again carried out. Judgments were significantly 
smaller [F(1, 216), p < .01] on ascending than descending comparisons 
for all angles except 90-deg ones (Е = 3.59, p > .05). Nevertheless, 7596 
of all subjects still set the ascending comparison for the 90-deg standard 
at a value lower than the descending one. 

The data have been considered so far in terms of PSE. To give a bet- 
ter indication of accuracy, the results were also considered in terms of 
amount and direction of error. Table 1 shows the mean absolute error 
(ignoring direction of error). The data in the lower half of the table— 
the comparison series combined—suggest that the overall error was dif- 
ferent among the four modal conditions. This was confirmed by an anal- 
ysis of variance [F(3, 36) = 10.67, p < .01]. A Newman-Keuls posttest 
showed that the magnitude of error in the visual-visual condition was 
significantly lower than all other groups (p < .01). No other differences 
were significant, but it might be pointed out that error was greatest for 
the two crossmodal conditions. 

Although the haptic-haptic group showed a consistent tendency for 
error to increase with increasing angle size (Table 1, comparison series 
combined), no consistent pattern emerged from the other conditions. 
The analysis of variance revealed significant differences in magnitude 
of error among angles [F(6, 216) = 2.36, p < .05], but a Newman-Keuls 
posttest turned up no significant differences between any one pair of 
means (p > .05). The effect of comparison series also appeared small 
(Table 1, top section). The analysis of variance showed that the differ- 
ence in error magnitude on ascending and descending comparison judg- 
ments did not approach significance [F(1, 36) = .84]. 

A somewhat different picture of the data is obtained if not only mag- 
nitude but direction of error is also taken into consideration. Figure 2 
shows a distinct difference between intra- and crossmodal judgments. 
Intramodal judgments generally produced a more random (even) dis- 
tribution of positive errors (judgments larger than the standard) and 
negative errors (judgments smaller than the standard) than did cross- 
modal judgments. Crossmodal judgments revealed certain biases. The 
visual-haptic group produced generally positive errors, while the haptic- 
visual group generally produced negative errors. An overriding ten- 
dency to overset the most acute angle and underset the most obtuse 
angles also predominated, except in the visual-visual condition. The 
mean directional errors (in degrees) for ascending and descending 
conditions considered separately, and for overall bias, were — 5.82, 
+3.48, and —1.17 for the haptic-haptic group; —2.72, +2.44, and —.14 
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Mean Error (Degrees) 


Standard Angle (Degree 


Fig. 2. Magnitude and direction of error (ascending and descending series 
combined ) 


for the visual-visual group; —7.61, +.20, and —3.70 for the haptic-visual 
group; and —3.64, +6.88, and + 1.62 for the visual-haptic group. 


DISCUSSION 


In matching experiments, judgments of extent have traditionally been 
interpreted in terms of ‘underestimation’ and ‘overestimation.’ 
interpretations have been based on the relationship between the true 
values of the standard and the comparison set to it (see Thurstone, 
1948), For example, an acute-angle standard ‘matched’ by a 90-deg 
comparison would be interpreted as ‘overestimated.’ The implication is 
that the standard angle was perceived as larger (more obtuse) than it 
really was. However, this kind of interpretation is valid only where the 
true (objective) value of the comparison object is known to be a true 
measure of the subjective value of the standard object. In fact, this can 
never be assumed on an a priori basis. A ‘match’ defines a relative equal- 


ity between the subjective value of the standard and the subjective (not 
objective) value of the chosen comparison. 
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The problem created by extrapolating from an actual value to a sub- 
jective relationship becomes especially real where the relationship be- 
tween the actual and subjective values of one object is likely to be dif- 
ferent from the relationship between the actual and subjective values of 
a paired object (for example, through procedural variables or crossmodal 
techniques of comparison). The problem exists for single features, but 
it is considerably compounded when analyzing perception of complex 
forms. 


Intra- and crossmodal groups 


Modality-specific tendencies can be revealed by examining the over- 
riding algebraic error (combining the effect of ascending and descend- 
ing movement) in each condition (see Figure 2). For all matches, it must 
be assumed that 


X, (subj) = Ye(subj) > [1] 


where the subscript s designates the standard, c defines the final com- 
parison setting, and X and Y represent the inspecting modalities. That 
is, in any match, the subjective value of the standard is approximately 
equal to the subjective value of the selected comparison. 

For the visual-visual condition, we substitute in the general Equa- 
tion 1 


Va (subs) m Уез) > [2] 


where V is the notation for a visually inspected stimulus. Now, as Fig- 
ure 2 shows, visual-visual errors have almost no overriding directional 
bias, and the magnitude of error is only a fraction of a degree. The equa- 
tion expressing these facts is 


Va(true) Рэ У сее) > [3] 


where У, ме) and У, are the physical dimensions of the standard 
and comparison settings respectively. But Equations 2 and 3 can tell us 
nothing about the relationship between any true and subjective value. 
That is, correct comparison settings do not necessarily imply veridical 
percepts. They only imply an identical bias in the perception of standard 
and comparison. The magnitude of this bias could be any positive or 
negative number, or zero. Since matching experiments reveal only rela- 
tive biases (standard versus comparison), other methods must be used 
to determine any absolute bias inherent in visual judgments of angle. 

Accordingly, 20 additional subjects were asked to give verbal esti- 
mates of ‘acute,’ ‘right, or ‘obtuse’ to visually presented angles of 88, 90, 
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and 92 deg. They showed no predominant tendency to perceive the 
angles as smaller (more acute) or larger (more obtuse) than true size, 
Presented with the 88-deg angle, 15% of the subjects judged it a right 
angle, 0% judged it an obtuse angle, and 85% judged it an acute 
angle; presented with a 90-deg angle, 70% judged it right, 1596 obtuse, 
and 15% acute; and presented with a 92-deg angle, 156 judged it right, 
85% obtuse, and 0% acute. These results suggest that visual percepts of 
angle have no inherent bias (Calabresi, 1933, on the other hand, re- 
ported that 90-deg angles seemed acute when inspected haptically). It 
seems justified, therefore, to consider the subjective and true values of 
visual judgments approximately equal. That is, 


У, (subi) = Vatrue) [4] 
and conversely, 
Ve(subj) ~ Vo(true) + [5] 
For the haptic-visual condition, we substitute in Equation 1 
Н, (ео) = V c(subi) , [6] 


where H indicates a haptically inspected stimulus. As was just shown, 
the subjective value of a visual comparison is approximately equal to the 
true value of that setting (Equation 5). Combining Equations 6 and 5, 
therefore, we have 


Ha(subi) = V (true) . [7] 
In words, the visually set comparison accurately predicts the subjective 


value of the haptic standard. Since this value is consistently lower than 
the true value of the standard (Figure 2), we are given the equation 


V c (true) < Ha(true) e [8] 
By combining Equations 8 and 7 it can be shown that 
H (subj) = Н, тке) . [9] 


tic standard is perceptually 


That is, relati i ts, the ha 
at is, relative to visual percepts p у us n аьа 


smaller than its objective size. This support 
(1933). Pa 

If visual judgments are accurate predictors of objective size, got dl 
tic judgments of angle have a relatively negative bias, what would be 
the effect if comparison judgments were haptic and 
ual? We begin by substituting in the general Equation 
haptic condition 


d standards were vis- 
1, for the visual- 


У, (вир) 2 He(subi) ° [10] 


: -— 


But it was previously shown that the subjective value of a visual stam 
dard is approximately equal to its true value (Equation 4). Combining 
Equation 4 with Equation 10 gives us 


Votre) me Н.а) . [n] 


The data in Figure 2 show that in the visual-haptic condition the come 
parison settings are typically overset. That is, 


Vairs) < Н.е . [12] 


Since the subjective value of the haptic comparison must be about equal 
to the subjective value of the visual standard (Equation 10), it must fol- 
low that the true values of the haptic comparisons are greater than their 
subjective values. This can be shown by combining Equations 11 and 
12 so that 

| 


Ны) < Hec) . [13] 


Again, haptic percepts are relatively smaller than haptic stimuli. 

The final case to consider is that of when both standard and com- 
parison angles are inspected haptically—the haptic-haptic condition. It 
would seem logical that standard angles would share an identical bias 
with comparison angles (both would be subjectively smaller than their i 
actual values) and that comparison settings would be approximately 
equal to the true value of the standards. However, a small but consis- 
tent pattern of undersetting was produced (Figure 2). That is, 


Hose) « [m M [14] j 


This must mean that the bias inherent in perception of the standards 
is different from the bias inherent in perception of the comparisons. It 
was previously shown that the subjective values of both comparison and | А, 
standard angles are smaller (when inspected haptically) than their objec- 
tive size (Equations 12 and 13). And it is known from the general Equa- 
tion 1 that these subjective values must be approximately equal to each 
other. Since the true value of the comparison setting is less than the true 
value of the standard (Equation 14), the difference between the subjec- _ 
tive and true values of the standards must be greater than the difference 
between the subjective and true values of the comparisons. The magni- 
tude of the negative bias, therefore, is greater for the standard than its 
comparison. These results are suggestive of a ‘time error,’ and implicate 
the role of haptic memory. It is possible that haptic bias increases 

certain temporal parameters (or conversely, that subjective magnitude 
decreases with time). This could also explain why the PSEs were con- 
sistently lowest for the haptic-visual group. 
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judgment. While visual percepts remain close to objective sine, haptic 
percepts tend to be relatively smaller. When the standard angle is visual 
and the comparison is haptic (as it was for the visual-haptic group), the 
comparison must be overset to ‘feel’ as large as the standard looks." 
When the standard is haptic and the comparison is visual (the haptic- 
visual group), the comparison must be underset, since it accurately 
matches the subjective value of the standard. Angularity is just one 
pect of form, but an analysis of this kind can contribute to an under- 
standing of modality-specific differences in overall perception of form 
as well. Such analyses should be applied when interpreting matching- 


experiment data. 


Direction of angle movement 


present study, direction of stimulus movement operated only on percep- 
tion of the comparison object. Comparison stimuli presented in an as- 
cending order (increasing angle size) were consistently set lower than 
when presented in a descending order (decreasing angle size). This 
means that ascending angles were judged relatively larger than sta- 
tionary angles, while descending angles were judged to be relatively 
smaller than stationary angles. This tendency was large for touch, but 
vision was not immune. The effect for vision was small, but neverthe- 
less consistent. This illustrates how a particular stimulus variable can 
influence matching judgments by affecting only a particular test object 
(standard or comparison) and by having a differential effect on two in- 


vary among features or dimensions, the effect is multip "Р 
entire form is being considered. i 

Calabresi (1933) tried to account for similar rua m felt E ем 
overt movement involved in setting the 


amount of movement made in setting à DM nU Cu flr 


erty of overt motor activity. Rather, it seems керу only that the 


value of the stimulus change in a particular Ў 
ing a continuously decreasing or increasing arc creates, i 
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percepts of a smaller and larger arc than does a stationary stimulus. This 
phenomenon can be interpreted in terms of the psychophysical ‘error of 
anticipation’ or by adaptation-level theory (Helson, 1947). The latter 
would predict ‘equal’ judgments shifting toward the midpoint of the 
comparison series, that is, between the true value of the standard and 
the starting value of the comparison. 


Notes 


This paper is based on a thesis submitted to George Washington University | 
in partial fulfillment of the requirements for the master's degree. The author — 
expresses appreciation to Drs. R. D. Walk and J. J. Goodnow for their valu- 
able advice. The study was supported in part by Grant ВОІ HD03105 to Dr. 
Goodnow from the National Institute for Child Health and Development. _ 
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» 
` SALIVARY HABITUATION: QUANTITATIVE 
SIMILARITIES TO SENSORY ADAPTATION 


Charles H. Webb and Donald H. McBurney 
University of Pittsburgh 


salivary responses of human subjects to acetic-acid stimulation increased 

ier the first few trials each day, and on the first trial over days until the third 

y. Response decrement with repeated stimulation became more 

ver days and was maximal by the third day. The magnitude of the salivary 
sonse increased as a logarithmic function of stimulus intensity, and the 
Ponse to a strong stimulus was not diminished by prior habituation to a 


'aker stimulus. 


"Although adaptation and habituation are qualitatively similar phe- 
homena, they have been distinguished traditionally on the basis of pre- 
sumed differences in mechanism, locus, and time course (Thompson and 
Spencer, 1966). While these distinctions might once have seemed force- 

they are less convincing today (Martin, 1964). data 
uggest, for example, that mechanisms of sensory adaptation may not 
confined to the receptors but may contain central components as well 


- With regard to time course, for another example, adaptation and re- 
very from adaptation hav 
(seconds or minutes), and habituation and 
have been shown to occur over longer periods of time (hours or 
complete habi 


Humphrey (1930, 1933), however, 

‘some responses in e or seconds, and Prosser and Hunter (1936) . 
"reported that recovery of а habituated response can occur within min- 
‘utes. Furthermore, Hahn (1966) repo ed relatively long time courses 
(30 min) for vibrotactile adaptation; and as is well known, acier (ee 
light adaptation can still be ing after as long as 30 min of - 


: 3 her, 1946) 
mess. In fact, it has been reported (Clark, Johnson, and Dreher, 
t dark adaptation after repeated exposure to bright sunlight can take 


many hours, or even days. M : 
- In view of the difficulties of attem ing to distinguish aun 
habituation in the usual ways, it might be more fruitful to seep дар- 
tation and habituation as two examples of а single fundamen! av- 
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ioral process. A revaluation of this sort could be accomplished by dem- 
onstrating operational equivalences between the two types of response 
decrement. A number of such equivalences between adaptation and 
habituation are well known: both proceed as a negatively accelerated 
function of time, both are reversible, both exhibit a longer time course 
with higher stimulus intensities, and so on. (See Osgood, 1953, Thomp- 
son and Spencer, 1966, for parametric characteristics of adaptation and 
habituation respectively.) More rigorously quantitative equivalences 
need to be investigated, however, if adaptation and habituation are to 
be related in a convincing way. 

For audition (Hedgecock, 1955), vision (Stevens and Stevens, 1963), 
taste (McBurney, 1966), and vibration (Gescheider and Wright, 1968), 
it has been shown that after adaptation to stimuli of higher intensities, 
the slope of the magnitude function (response magnitude as a function 
of stimulus intensity) becomes steeper than it was after adaptation to 
lower intensities (or with no adaptation at all), while the maximum re- 
sponse in both cases may remain the same. This steepening after audi- 
tory adaptation has been labeled recruitment. The present study was 
performed in order to determine whether steepening of the response 
function occurs after habituation. If it did, one could argue more force- 
fully for the behavioral similarity of adaptation and habituation. 

A graded response is needed for such an experiment, since response 
magnitude must be measured on each trial. The salivary response to 
taste stimuli seemed appropriate. Since there is no report of salivary 
habituation in the literature, a pilot study was performed in order to 
demonstrate its occurrence. The results of the pilot experiment indi- 
cated that this response does habituate. Since this contradicts the find- 
ings of other investigators (Lashley, 1916; Kerr, 1961; Chauncey, Shan- 
non, and Feller, 1967), a number of parametric characteristics of salivary 
habituation other than steepening were also studied. 


METHOD 


—Subjects—Forty male undergraduates at the University of Pittsburgh were 
selected on the basis of a pretest for salivation to acetic acid. 


—Apparatus and solutions—Molar (M) solutions were made with distilled 
water and maintained at room temperature. Three solutions of acetic acid— 
:020 M, .064 M, and .20 M, one-half a log step apart in concentration—were 


ше Solutions were delivered from a 5-ml pipet. Saliva was collected in test 
tubes. 


—Procedure—Thirty of the subjects were assigned randomly to three groups 
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of 10 subjects each. Each of these subjects participated in the experiment 
for five days, randomly assigned to one of the three concentrations .020 M, 
1064 M, or .20 M of acetic acid, which he received for 10 habituation trials 
on each of the first three days in order to establish baseline rates of salivation 
and to determine whether warm-up effects were occurring. At the beginning 
of each trial the subject was given 2 ml of one of the solutions by pipet. He 
was told to draw the solution into his mouth and to sit with his head tilted 
downward and his tongue in the solution in his mouth for 1 min, At the end 
of a trial he was told to spit the contents of his mouth into a test tube. He then 
rinsed his mouth with distilled water and rested until the next trial. There was 
a 1-min interval between trials. The amount of saliva secreted during a trial 
was determined by measuring the contents of each test tube, then subtract- 
ing 2 ml. 

Several other methods of collecting saliva were tried, including parotid 
caps. Since parotid salivation results primarily from stimulation of the pos- 
terior tongue, and since the convenient methods of taste stimulation result 
primarily in stimulation of the anterior tongue, it was found that the collec- 
tion of whole saliva would yield more consistent results than the collection of 
only parotid saliva. 

After day 3 the 30 subjects were again randomly assigned to one of three 
groups (I, II, and III) for days 4 and 5. The treatment plan is shown in 
Table 1. On day 4 the subjects were given 10 habituation trials with the 
stimulus to be used on the test trials of day 5. On day 5 they were given à 
weaker stimulus for 10 habituation trials followed by 2 test trials with a 
stronger stimulus. A comparison of (a) the size of the response decrement 
between trials 1-2 and trials 9-10 on day 5 with (b) the difference between 
the first two responses on day 4 and the test-trial responses on day 5 consti- 
tuted the test for steepening. 


Table 1. Treatment plan for steepening 


Day4 Day 5 
Habituation Habituation Test 
Group trials trials trials 
I 20 M .020 M 20 M 
п 20 M 064 М 20 M 
n .064 M .020 M .064 M 
IV .064 М 20 M 064 M 


iti j V) were selected after the first phase 
The 10 additions) e Dus ed in a control experiment. 


of the experiment, described above, and participat 
They ы-ы also in their experiment for five days. On days 1 and 2 all tee 
control subjects were given 10 habituation trials with .064-М e E | e 
the manner already described. On day 2 five of these subjects who had habit Д 
ated were exposed to a strong dishabituating stimulus (a bell accompante 
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by the clatter of a bottle on the floor) in the interval separating trials 
8 and 9. On day 3 half of the 10 subjects, randomly chosen, were 
habituation trials with .064-M acetic acid; these trials were separated Prem 
intervals rather than the 1-min intervals used before. The other of 
subjects were given 10 habituation trials with the same irr а 
their trials were separated by 15-sec intervals. On day 4 the 2-min and н 
intertrial intervals were reversed, and the subjects were again given 10 trials 
with the .064-M solution. On day 5 all of these control subjects got 10 ba- | 
e р with .20-M acetic acid, followed by 2 test trials with ,064-M. 
acetic 


RESULTS 
Warmup 


The arithmetic mean amount salivated on each trial was 
for each day and concentration for those 17 (of the first 30) subjects 
received the same concentration on days 1, 2, and 4 or 5. Five su 
got .020-M, seven got .064-M, and five got .20-M solutions. Figure 1 
shows the mean amount salivated as a function of trials, days, and con- 
centration for these subjects. * 

* 


3.0 20M ACETIC ACIDe—eDAY ONE 
А—А0 AY TWO 
о—о0АҮ FOUR OR 
د‎ ee Five 


a en 


.064M ACETIC ACID 


-020M ACETIC ACID 


AMOUNT SECRETED IN MILLILITERS 
AMOUNT SECRETED IN MILLILITERS 


mites 4256 6 7 в э о 
TRIALS 


Fig. 1. Warm-up effects and habituation of the salivary reflex as a 
of trials and days with three stimulus concentrations of acetic acid 
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Amount salivated per trial оп day 1, day 2, and day 4 or 5 was aver- 
agod across concentrations. A test of the linear trend as a function of 


p < 001]. Although it is not shown in Figure 1, it should be noted that 
salivation on trial 1 of days 4 or 5 was not greater than salivation on 
trial 1 of day 3, indicating that the day-warm-up effect did not proceed 
beyond day 3. 


Response as a function of concentration ^ 


The upper line in the composite data of Figure 3 shows mean saliva- 
tion rate before habituation as a function of stimulus concentration. 
Each point is mean salivation on the first two trials of a sequence for 
groups I-III on day 4 or 5 of the experiment. Salivation rate 
as a logarithmic function of stimulus concentration. 


Habituation 


On day 2 there was à habituation trend that was significant across 
concentrations [t(16) = —349, p < 01). This trend became more pro- 
nounced by day 4 or 5 [t(16) = —9.20, p < 001]. Salivation on trial 10 
decreased between day 1 and day 4 or 5 1616) = aTi p< Al} Сө 


the 
~6.97, p < .01], a 44.4% decrease when the .064-M solution was 
stimulus [((6) = —10.60, p < .001], and a 45.2% decrease when the .20- 
M solution was the stimulus [t(4) = —3.74,p < 102]. No habituation 


ure 1. The top part of Figure 2 shows average 
to .064-M acetic acid for the subjects in group 
15-sec intervals between vine on days 3 and 
jects in group IV on those days are 
was no significant on those between rates of habituation with the dif- 
ferent intertrial intervals. day 2 were 
Five subjects in group IV who had shown habituation Ue T e 
tested for dishabituation by presenting а Joud extraneous sew pim 
the interval between trials 8 and 9. The bottom part of хана 
that а 63.5% increase in response occurred ща) = 12.66, p < < 1. 
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Fig. 2. Upper panel, Habituation of the salivary reflex to .064-M acetic acid 
with two frequencies of stimulus presentation. Lower panel, Dishabituation 
of the salivary reflex following habituation to .064-M acetic acid. (A strong 


o stimulus was presented, as shown by the arrow, between trials 8 
and 9. 


Steepening 


Before- and after-habituation responses to habituating and test stimuli 
are plotted for groups I, II, III, and IV in Figure 3. For each group the 
plotted magnitude of the response to the habituating stimulus before 
habituation is the mean of the first two trials with that stimulus on day 
5 of the experiment, and the response to the habituating stimulus after 
habituation is the mean of the last two trials on day 5. The response to 
the test stimulus before habituation is from data for the first two trials 
on day 4 for each group, and the response to the test stimulus after ha- 
bituation is the average on the two test trials presented after habitua- 
tion on day 5 for each group. (Since no habituation occurred over days, 
the response to the stimulus on day 5 can be compared to the response 


SALIVARY HABITUATION 507 


to the test stimulus presented on day 5; see Table 1. Note also that the 
responses to the test stimulus are plotted at the right of the figures for 
groups I, II, and III, each of which had a test stimulus stronger than the 
habituating stimulus; and at the left of the figure for group IV, which 
had a test stimulus weaker than the habituating stimulus.) 

In every case that a stronger—test—stimulus was presented. after 
habituation to a weaker stimulus (see Figure 3 for groups I, II, and III), 
the response to the stronger stimulus was either as large or almost as 
large after habituation as it was before habituation. In none of these 
groups was the response to the stronger stimulus diminished as much 
after habituation as was the response to the habituating stimulus itself. 
But when a weaker—test—stimulus was presented after habituation 
to a stronger stimulus (see Figure 3 for group IV), the response to 
weaker stimulus was not as great after as before habituation. 

In order to test the significance of the steepening effect, the data of 
the three groups that received a stronger concentration after habituation 
(groups I, П, and Ш) were pooled over the specific concentrations that 
constituted the weaker and stronger conditions. A 2 x 2 within-subjects 
analysis of variance was performed. For each subject in groups I-II 
there were four measures (see Figure 3): before and after habituation, 
and weaker and stronger concentrations. In this design the steepening 
effect is represented by the interaction. A significant interaction was ob- 
tained [F(1, 116) = 15.41, p < .001]. When a similar analysis was per- 
formed on the data from group IV the interaction was not significant 
[F(1, 36) = .04]. The bottom panel of Figure 3 is a composite repre- 
sentation of the steepening effect derived from the data of groups I, Il, 
and III. 


DISCUSSION 


As already mentioned, other investigators (Lashley, 1916; Kerr, 1961; 
Chauncey, Shannon, and Feller, 1967) have reported that habituation of 
the salivary reflex does not occur. Yet the data in Figures 1 and 2 indi- 
cate that habituation of the salivary response in humans did occur with 
each of the three stimulus concentrations used. (Ten habituation trials 
did not produce complete cessation of the response, but complete 
habituation of salivation would not be expected.) It is possible that the 
failure of other investigators to demonstrate salivary habituation is due, 
in part, to the fact that they tested their subjects on only one day. 


508 


IN MILLILITERS 


AMOUNT SALIVATED 


= 


.020M .064M .20M .020M .064M .20M 


WEBB AND MC BURNEY 


O—O BEFORE HABITUATION 
A4 AFTER HABITUATION WITH .020M 
O—O AFTER HABITUATION WITH .064M 


2 2.5 
GROUP IE i 


GROUP IZ 


a 


@ BEFORE HAB. | 
A AFTER HAB. .20M 


COMPOSITE 


.020M .064M .20M 
MOLAR STIMULUS CONCENTRATION 


Fig. 3. Steepening; salivary responses to habituating and test stimuli before 
and after habituation. (In groups I-III, and in the composite data for them, 
the test stimulus was stronger than the habituating stimulus and the response 
to the test stimulus was not diminished by habituation; steepening did occur. 
In group IV the test stimulus was weaker than the habituating stimulus, and 
steepening did not occur.) 
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Habituation did not occur in most subjects on the first day of the present 
experiment either. Figure 1 indicates that response magnitude on early 
trials increased rather than decreased on day 1, and also increased be- 
tween day 1 and day 4 or 5. Habituation occurred to some extent on day 
2 and was pronounced by day 4 or 5, when maximum responding had 
been achieved. Had this warm-up effect been taken into account in 
other experiments, habituation would probably have been observed. 

The bottom part of Figure 2 indicates that dishabituation of the re- 
sponse occurred, as expected, when a loud extraneous stimulus was in- 
troduced toward the end of a 10-trial sequence. The dishabituating 
stimulus did not seem to cancel the habituation completely, however, 
since the response returned to its habituated level 2 trials after the dis- 
habituating stimulus was presented. This result lends support to the con- 
tention of Thompson and Spencer (1966) that dishabituation is a sensiti- 
zation process independent of the habituation process itself. 

The results presented in the upper line of the composite data in Fig- 
ure 3 indicate that salivary flow rate increased as a function of stimulus 
concentration, a finding consistent with the findings of other investi- 
gators (Kerr, 1961; Chauncey, Shannon, and Feller, 1967). The relation- 
ship between stimulus concentration and response magnitude seems to 
be logarithmic. Kerr (1961) discusses a considerable body of additional 
evidence that supports this conclusion. 

The results presented in Figure 3 indicate that steepening of the re- 
sponse function occurred after salivary habituation when the test stim- 
ulus was stronger than the habituating stimulus. This finding is analo- 
gous to the finding in the sensory context, already discussed, that the 
sensory magnitude of a strong stimulus is not diminished by adaptation 
to a weaker stimulus of the same modality and quality (Hedgecock, 1955; 
Stevens and Stevens, 1963; McBurney, 1966; Gescheider and Wright, 
1968). As might also have been expected, steepening did not occur after 


salivary habituation when the test stimulus was weaker than the habitu- 
) has recently reported similar failure 


ating stimulus. Bernstein (1968 repor I. 
in response recovery to weaker stimuli after habituation of the orienting 


response. cei 
The occurrence of steepening in habituation has been implied before 


(Sherrington, 1906, on spinal ‘scratch’ reflexes in the dog; Humphrey, 
1933, on habituation of leg-withdrawal responses in the musk turtle; 
Sharpless and Jasper, 1956, on habituation of electroencephalographic 
arousal; Voronin and Sokolov, 1960, on habituation of the orienting re- 


sponse), but it has never been studied in a systematic or quantitative 


way. Frequently, steepening and dishabituation have been confused. 
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Thompson and Spencer (1966), for example, mention the finding by 
Voronin and Sokolov (1960) that when the intensity of an auditory stim- 
ulus to which subjects were habituated was decreased, the orienting re- 
sponse to the weaker stimulus recovered. Thompson and Spencer con- 
sider this an example (albeit a special case; 1966, p. 33) of dishabitua- 
tion, when actually it is an example of steepening similar to that found 
in the sensory context and mentioned above. 

Operationally, it must be noted, steepening entails habituation (or 
adaptation) with a stimulus of one intensity, followed by presentation of 
either a stronger or weaker test stimulus of the same modality and 
quality. The response to the test stimulus is used as the measure of 
steepening. This paradigm is equivalent to an intensity-generalization 
paradigm, with failure of generalization being analogous to the occur- 
rence of steepening. Dishabituation, on the other hand, entails habitua- 
tion with a stimulus of some intensity, after which an extraneous 
stimulus, usually very strong and often involving a different modality 
than the habituating stimulus, is presented. Then the original habitu- 
ating stimulus is presented again, and it is the response to this stimulus 
(rather than to the second stimulus, which is analogous to the test stimu- 
lus in the steepening paradigm) that is used as the measure of dishabitua- 
tion. Perhaps this confusion has prevented the inclusion of steepening as 
a parametric characteristic of habituation in other accounts. 

The quantitative demonstration of steepening after habituation is 
important because it indicates another behavioral equivalence between 
adaptation and habituation. The warm-up effect found in the present 
study is also important in this regard, since such an effect has been 
demonstrated in various sensory modalities as well as other types of 
responses (e.g., Franzisket, 1963, on leg-wiping responses to tactile stim- 
ulation in the frog). 

The occurrence of such behavioral equivalences in seemingly different 
types of decremental processes suggests that these processes may not be 
as distinctive as had once been thought. This notion has been considered 
by various other authors (Gampel, 1966; Verplanck, 1966; Martin, 1964), 
although little research aimed at demonstrating it has been undertaken. 
However, Drever and Bower (1964) did explore the relationship between 
adaptation, satiation, and habituation in a series of visual-rearrange- 
ment studies, and Leaf, Kayser, Andrews, Adkins, and Leaf (1968) have 
investigated the relative efficacy of habituation and extinction in the 
blocking of fear conditioning. The results of both studies imply close 
relationships among the phenomena in question. The present study lends 
support to the proposition that adaptation and habituation are merely 
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two artificially distinguished examples of the same behavioral process. 
When viewed in this light, adaptation may be considered a funda- 
mental process parallel to, say, respiration or digestion—a process that 
serves the same function in every organism, although the mechanisms 
involved may differ between and even within organisms. 


Notes 


This research was supported by United States Public Health Service predoc- 
toral fellowship 1-F1-MH-41,999-01 to the first author and by USPHS Grant 
NB 07873-03 to the second author. The authors thank William Ray for help- 
ful suggestions. Received for publication September 10, 1970. 


References 


Bartlett, N. R. 1965. Dark adaptation and light adaptation. In Vision and 
visual perception, ed. C. H. Graham, pp. 185-207. New York: Wiley. 
Bernstein, A. S. 1968. The orienting response ‘and direction of stimulus change. 

Psychonomic Science 12:127-128. 

Chauncey, Н. H., Shannon, I. L., and Feller, R. P. 1967. Effect of oral and 
nasal chemoreception on parotid gland secretion. In Secretory mech- 
anisms of the salivary glands, ed. L. H. Schneyer and C. A. Schneyer, р. 
351. New York: Academic Press. я 

Clark, B., Johnson, М. L., and Dreher, К. E. 1946. The effect of sunlight on 
dark adaptation. American Journal of Ophthamology 29:828-836. — 

Drever, J., and Bower, T. G. R. 1964. Adaptation, satiation and habituation: 
A taxonomic study. Acta Psychologica 22:202-217. 4 

Fisher, R. A., and Yates, Е. 1943. Statistical tables for biological, agricultural, 
and medical research. Edinburgh: Oliver & Boyd. ee 

Franzisket, L. 1963. Characteristics of instinctive behavior and learning in 
reflex activity of the frog. Animal Behavior 11:318-324. i 

Gampel, D. H. 1966. Data parallels across behavior systems. Psychologica! 
Bulletin 66:499-510. " 

Gescheider, G. A., and Wright, J. H. 1968. Effects of sensory аарын" оп 
the form of the psychophysical magnitude function for cutaneous vibra- 
tion. Journal of Experimental Psychology 77:308-313. 

Hahn, J. F. 1966, Vibrotactile adaptation and recovery meas 
methods. Journal of Experimental Psychology 71 1655-659 

Hedgecock, L. D. 1955. The meu of auditory recru 
Archives of Otolaryngology 62:51 4 TN 

Humphrey, G. Та, Те Тг: тше, апа {һе problem of habituation 
dehabituation in Helix albolabris. Psychologische F orschung 13: 113-127. 

Humphrey, G. 1933. The nature of learning in its relation to the living system. 
New York: t, Brace. a 

Kerr, A. C. So The pqs Cal regulation of salivary secretion in man. 


Oxford: Pergamon Press. 


512 WEBB AND MC BURNEY 


Lashley, L. S. 1916. Reflex secretion of the human parotid gland. Journal of 
Experimental Psychology 1:461—493. 

Leaf, R. C., Kayser, R. J., Andrews, J. S., Adkins, J. W., and Leaf, S. R. 1968. 
Block of fear conditioning induced by habituation or extinction. Psycho- 
nomic Science 10:189—190. 

Livingston, R. B. 1959. Central control of receptors and sensory transmission 
systems. In Handbook of physiology. Vol. 1, Section 1, Neurophysiology, 
ed. J. Field, H. W. Magoun, and V. E. Hall, pp. 741-760. Washington, 
D.C.: American Physiological Society. 

Martin, I. 1964. Adaptation. Psychological Bulletin 61:35—44. 

McBurney, D. H. 1966. Magnitude estimation of the taste of sodium chloride 
after adaptation to sodium chloride. Journal of Experimental Psychology 
72:869-873. 

Osgood, C. E. 1953. Method and theory in experimental psychology. New 
York: Oxford University Press. 

Prosser, C. L., and Hunter, W. S. 1936. The extinction of startle responses and 
spinal reflexes in the white rat. American Journal of Physiology 117: 
609-618. 

Sharpless, S., and Jasper, H. 1956. Habituation of the arousal reaction. Brain 
79:655-682. 

Sherrington, C. 1906. The integrative action of the nervous system. New 
Haven, Conn.: Yale University Press. 

Stevens, J. C., and Stevens, S. S. 1963. Brightness function: Effects of 
adaptation. Journal of the Optical Society of America 55:375—385. 
Thompson, R. F., and Spencer, W. A. 1966. Habituation: A model phenome- 

non. Psychological Review 13:16—43. 

Verplanck, W. S. 1966. The operational investigation of behavior. Unpub- 
lished outline, University of Tennessee. 

Voronin, L. G., and Sokolov, E. N. 1960. Cortical mechanisms of the orienting 
reflex and its relation to the conditioned reflex. Electroencephalography 
and Clinical Neurophysiology suppl. 13:335-346. 


American Journal of Psychology 


1971, Vol. 84, No. 4 


CONSTRUCTION AND RECONSTRUCTION 
IN MEMORY 


Stanley A. Summers and James S. Fleming 
San Fernando Valley State College 


The effect of cues on retention of written material was compared to their effect 
on pure construction, without previous reading. Each subject answered ques- 
tions on selections, some of which he had read 2, 7, or 28 days before, and 
some of which were partly available while he answered, to provide cues from 
context. Both context and retention significantly enhanced accuracy, but their 
effects were not additive; context added nothing to the accuracy from reten- 
tion. Retentional processes may involve both direct reconstruction and an in- 
direct construction that duplicates performance based on contextual cues. 


In this experiment, contextual aids to correct judgment and interpre- 
tation were added to the other influences on memory performance. 
Accuracy resulting from these combined influences was compared to 
accuracy from the judgmental influences alone, and to accuracy from 
ordinary retention alone. The contextual aids provided a judgmental 
basis for accuracy, that is, for a process of construction. Also, any re- 
dintegrative effect, of enhancement of retention by the presented con- 
text, could be observed. peal? 

For many experimental questions it is not important to distinguish 
accuracy based on learning and retention from accuracy based on judg- 


ment and guess, and experimental operations often do not clearly ascribe 


memory performance to one component or another. However, the con- 
ceptual distinction between retentional and interpretational components 
has been important, especially for long-term memory of complex mate- 
rial, and retention itself sometimes has been considered as a construc- 
tion process. 

Consider, for example, the tradition of strong emphasis on the cog 
nitive shaping of previous experience that was set by Kuhlman, who 
believed that “the total process of recall is very largely not recall at all, 
and can never be described even half correctly by calling it reproduc- 
tion, It is rather a construction, not a reconstruction, à construction of 
a certain result that is accepted in place of the original, and far from a 
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reconstruction of a past perception" (1906, pp. 342-343). The cogni- 
tive shaping of memory has also been emphasized by Bartlett (1932) 
and more recently by Jarvik (1966) and Neisser (1967). Generally, these 
writers dealt with the interplay between the material stored from pre- 
vious experiences and the other determinants present at the time of 
remem 

Subjects in the present experiment answered questions about selec- 
tions of writing. In some conditions the subject had previously read the 
selection on which he was questioned. At times the bulk of the selection 
was available to him while he answered questions but the specific pas- 
sages on which questions were based were blanked out. Any cuing of 
retention through the context provided by the remaining passages could 
be measured. In addition, the influence of judgment and interpretation 
based purely on context, without prior exposure to the missing material, 
could be measured. This study, then, analyzed the separate and joint 
effects, on accuracy, of present context and of previous exposure. 


Е 
METHOD 


' —Subjects—The subjects were volunteers from undergraduate psychology 
classes. Prior to the experiment 20 subjects were assigned to a special con- 
dition for establishment of criteria of accuracy. Then 45 comparable sub- 


terpreting the parts relevant to each answer as they did so. Questions for 
nM (on on on which at let 10 af rhe ee 

with each other on the answer, as well as with the keyed answer 
previously chosen by the experimenters. A match to these answers, then, 


and the selections differed in style and quality; they were distinct to the 
subjects. They were also usually interesting, and occasionally slightly familiar, 


Each selection was labeled by source and by author. The selections were 
presented on Xeroxed typed sheets, and each was reproduced both in a com- 
plete version and in a version with an average of approximately 10% of the 
typed material painted out before reproduction. The sentences painted out 


= 


verbal context for this information. Lengths and of the 
-out portions varied. The questions were choice, with six 
tives each. Three questions for each selection appeared on a single 

. making 16 pages in all, stay together in different random — 
within 


in 
The following example gives part of one of the selections, from 
Henry David Thoreau, and one on 
s, which was specific to the 
. Material outside the brackets 
ton asked by the question. 


Standing on the snow-covered plain, as if in a pasture amid the hills, 
] cut my way first through a foot of snow, and then through a foot 
Т my oben a window under my feet, where, kneeling to dink, 
I look down into the uiet parlour of the fishes, pervaded by а 
softened light as СЕ 

sanded floor the same as in summer; 
serenity oms as in the amber twilight sky, corresponding to the 
cool and even temperament of the inhabitants. Heaven is under our 
feet as well as over our heads. 

[Early in the morning, while all things are crisp with frost, men 
E ок reels and slender lunch, and let down their fne 
lines through the snowy field to take pickerel and perch;] wild men, 
who instinctively follow other fashions and trust other authorities 
than their townsmen, and by their goings and com: 
together in parts where else they would be ripped. 


The men come to fish on the pond 

a. At high noon 

b. Early in the morning 

c. In the warmth of afternoon 

d. In evening twilight 

e. Just before dawn 

f. Arriving throughout the day 

— Design and procedure—Each subject participated in the experiment on 

Bo different dys. cure at day, he read 8 complete selections and then 

either 2 7 or 28 days later, answered questions on all 16 

time span between reading selections and answering questions was ty " 

ES experimental group of 15 subjects, and within these groups “ding 
participated in smaller subgroups. 

much time as they desired, but they usually finished in less than an hour. At 

the first session they were instructed: 


| 
i 
{ 


> 


selections you will be given today. 
need to absorb them well, a full 
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At the next session (2, 7, or 28 days later), they were instructed: 


Today, you will be asked a series of multiple-choice questions con- 
cerning sixteen different narrative selections. Do as well as you can 
on all the questions, even though the material on which they are 
based will be more familiar for some questions than for others. You 
will remember some of the material from the selections you read 
before. For some of the selections on which the questions are based, 
you will have part of the narratives available when you answer the 
questions; please use them fully for the questions they apply to. 
Even though you may sometimes feel you don’t know the answer 
at all, try hard on each question and, if you have to, make the best 
guess you can. 


At this second session all the subjects answered the same 48 questions, 3 
questions on each selection of writing. They received a selection under only 
one experimental condition, answering 12 questions under each of four 
experimental conditions. The selections appeared in nearly balanced fre- 
quency and combination under each condition. These conditions were based 
on whether the selection had been presented at the previous session and on 
whether the context material was presented with the questions. Each subject 
read half the selections in complete form at the first session, and each re- 
ceived context materials for half the selections at the second session. This 
2 x 2 design was replicated, with the different experimental groups, over the 
three intervals between sessions. 

Under the retention-plus-context condition, the subject had read the com- 
plete selection previously and had the context passages available for ref- 
erence while answering questions. Under the retention condition, he had 
read the complete selection at the previous session but had no relevant 
reference materials available while answering questions. Under the context 
condition, he had not read the complete selection but did have the relevant 
context passages available for reference while answering questions. And 
under the baseline condition, he neither had read the selection nor had 
relevant reference materials available while answering questions. All the 
context material, for the retention-plus-context condition and the context 
condition, was equally available for reference, independent of whether the 
subject previously had read the complete selection. This material was pre- 
sented in a single stack with the eight selections for a subject arranged in a 
random sequence; usually it was necessary for him to leaf through several of 
these selections to find any particular one. 


RESULTS 


The data were analyzed to determine whether the context and the 
retention conditions each would provide accuracy beyond that of the 
baseline condition. It also was asked whether context or retention pro- 
vided greater accuracy and whether this relationship changed over time. 
Finally, it was asked how the effects of context and retention interacted 
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and, specifically, whether context provided a redintegrative aid to re- 
tention. Figure 1 presents the separate effects for the four conditions of 
the 2 X 2 design. The relative position of the four conditions appears 
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Fig. 1. Mean number correct per subject as a function of days since original 
presentation 


consistent, except for a decrease in the advantage of the two retention 
conditions over the two nonretention conditions. 

An analysis of variance tested the overall effects of the experimental 
conditions on number of correct answers. The context effect was sig- 
nificant [F(1, 42) = 109, p < 005]. That is, the subjects answered sig- 
nificantly more questions correctly in the conditions in which they had 
context materials available for reference than in the conditions in which 
they did not, The retention effect was also significant [Е(1, 42) = 139.7, 
p < .001]; the subjects correctly answered significantly more questions 
on material they had read at the first session, showing continuing effect 
from this exposure. As would be expected if the context provided a 
judgment situation independent of amount of days since the first ses- 
sion, there was no significant context X day effect [F(2, 42) = 1.2]. 
However, consistent with Figure 1, there was à significant retention X 
day effect [F(2, 42) = 5:3, p < 01], reflecting the decline of accuracy, 
due to forgetting, with days between presentation and test. 

The overall proportions, across days, correct for each condition were: 
retention-plus-context, 63; retention, 63; context, .36; and baseline, .23. 
These proportions may be compared to an expected value of .17 for 
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purely random responses. A t test of difference in number correct in 
the context and baseline conditions showed the performance advantage 
from context to be significant [t(44) = 4:6, p < .001]; the subjects did 
construct successfully from context. In turn, the retention condition had 
an advantage in number correct over the context condition [t(44) — 7.8, 
p < .001]. For these time spans and materials at least, the reconstruction 
(and any accompanying construction) provided through previous ex- 
posure was superior to the construction made possible by the context. 

The question of how the experimental components combined is an- 
swered partly by a test of the interaction of context and retention 
[F(1,42) = 12.1, p < .005]. The significant interaction indicates that the 
context and retention effects did not combine additively; both Figure 1 
and the proportions correct indicate the nature of this interaction. Al- 
though context and retention each added accuracy beyond the baseline 
condition, context added nothing to the accuracy available: from reten- 
tion. The retention curves, with and without context, were extremely 
similar over the 28 days. The context and retention conditions, effective 
separately, were not additive in their effects: context in combination 
with retention did not aid performance. 


DISCUSSION 


The circumstances that favor construction do not necessarily provide 
accurate construction. In this experiment, however, context did act as 
an alternative to previous exposure in providing accuracy. The context 
passages had implicit in them some part of the missing passages, a part 
substantial enough to enhance accuracy on unfamiliar material, Given 
this, it may seem surprising that such cuing from context provided: no 
additional accuracy on materials previously viewed. The subjects went 
through their stacks of interleaved context materials, using them suc- 
cessfully in the context condition, but making no successful use of them 
in the retention-plus-context condition. There was no indication in their 
actions or comments that they selectively ignored context from passages 
they had read before. 

These results can be conceptualized in terms of the memory processes 
already discussed. It has been assumed here that a large component of. 
judgment and reasoned guess is elicited by many retention tasks. Such 
a process should have aided answers in both the context and the reten-- 
tion conditions and may; in itself, have provided comparable accuracy 
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in these conditions. In the retention condition, this construction process 

would be an extrapolation from stored material; in the context condition, 

construction would be an extrapolation from the externally presented 
material. An additional basis for accuracy, available only in the reten- 
tion condition, is the more direct activation and application of the stored 

| material, when little interpretation and extrapolation are required for a 
| correct answer. This aspect of memory accounts for the margin of ad- 
vantage of the retention over the context condition; that is, both condi- 
tions involve similar construction processes, but only the retention con- 

dition involves recónstruction as well. 

In the retention-plus-context condition, the stored material appears to 
have been sufficiently rich and detailed to provide the subjects with as 
much basis for judgment as they could use successfully, making redun- 
dant any additional aids from context, It can be inferred further that the 
specific cues available from the presented context may have been simi- 
lar erfðugh to cues already available from retained experience as to add 
little to performance. Given such similarity of cues, the response of the 
subjects to the physical form of the narrative, together with its gaps, 
would provide a close analogue of their response to the form in which 
they have stored material. 

Viewed differently, this retention-plus-context condition did not pro- 
duce any redintegrative effect; presentation of the bulk of the narra- 
tive did not evoke the previously experienced remainder. This contrasts 
With some of the results discussed by Horowitz and Prytulak (1969). 
However, their results mainly concerned short-term memory for brief 
materials, like paired associates. A broken-unit effect, which apparently 
aids redintegration, would be less prominent in longer-term memory: 
or for more complex materials, although the concept of redintegration 
often has been invoked to deal with remote experiences and abstract 
relations. \ 

For the 28-day span of the present study, the subjects’ performance 
in the retention condition was superior to their performance in the 
(printed ) context condition, To the extent that a stored context, re- 
tained from previous exposure, provided their basis for response, this 
Stored context remained as useful as the printed one. If the retention 
curve of Figure 1 continued to decline at a constant rate and the con- 
text curve remained roughly level, the curves would intersect in a few 
onths. At that point, memory performance would become more de- 
pendent on the cognitive use of printed context than on the cognitive 
‘Use of stored context. 
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Notes 


The authors thank Karyn Massoni for her valuable help in conducting the 
experiment. Received for publication October 26, 1970. 
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FORMAL INTRALIST RESPONSE SIMILARITY: 
ITS ROLE IN PAIRED-ASSOCIATE LEARNING 


John F. Hall 
Pennsylvania State University 


Two experiments using low-meaningfulness CVCs as responses were con- 
ducted in order to examine the role of formal intralist similarity on the re- 
sponse-learning and associative-learning stages that have been hypothesized 
to characterize the learning of paired associates. The results indicate that 
both stages were facilitated by low intralist similarity. 


On the role of formal intralist response similarity in paired-associate 
learning, controversial findings have been reported. Goss and Nodine 
(1965) have reported that such similarity hinders learning, while Un- 
derwood (1953) has reported that it has no influence. 

A more recent study by Jung (1965) is noteworthy inasmuch as this 
experimenter was interested in examining the role of formal intralist 
response similarity on both the response-learning and associative stages 
of paired-associate learning. Modeling his procedure after that em- 
ployed by Underwood, Runquist, and Schulz (1959), Jung (1965) em- 
ployed a free-recall test to measure the response-learning stage, and 
a matching test (here, all stimuli and responses that made up the con- 
ventional PA test were available and the subject had only to pair them 
correctly) to measure the associative or hook-up stage. In his first ex- 
periment, Jung found that intralist response similarity did not con- 
tribute to either stage; in his second experiment, his results indicated 
that low similarity resulted in associative learning being facilitated, 
but not response learning. 

A basic difficulty with Jung's (1965) first experiment was that all sub- 
jects were given both the response-learning test and then the match- 
ing test on each of the five trials that he provided. As Jung has acknowl- 
edged, providing the subject with both tests undoubtedly resulted in 
some contamination of the findings, since “some response learning cer- 
tainly may occur which will serve to inflate the response-recall test score 
of the next trial. Similarly, the execution of the response-recall test 
may affect [the subject's] performance on the associative-matching test 
which follows it” (1965, p- 377). In his second experiment, although 
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each stimulus-response pair was presented, Jung instructed his subjects 
to learn either (а) just the response items (response learning) and not 
the pairings, or (b) the specific pairings (associative learning) with 
recall of the response items not being required. The problem here, of 
course, is that these instructions change the nature of the task, so that. 
we cannot be sure that we are continuing to deal with the learning of 
paired associates as such. 

Jung's (1965) procedures are in contrast to the purer experimental 
design found in the Underwood, Runquist, and Schulz (1959) study, 
which used separate groups to obtain the response-learning measure as 
well as separate groups after different numbers of PA trials. In view of 
Jung’s methodological difficulties, an experiment using a design similar 
to that used by Underwood, Runquist, and Schulz (1959) was con- 
ducted, in order to simultaneously examine the role of formal intralist 
response similarity on both response and associative learning. 

1 


EXPERIMENT I 


Method 


—Materials—CVCs of high and low formal similarity were used to construct 
the responses for the two lists of material. The high-similarity responses con- 
sisted of these nine CVCs: CAH, CEG, CIQ, НАХ, HEG, HIX, RAX, REZ, RIQ. The 
low-similarity responses were: HEQ, CIQ, DAH, FUB, LEH, ВАХ, JUZ, РОВ, 
wos, The two lists were equivalent with respect to Noble's (1961) rated asso- 
ciation value (a’). Two-digit numbers were used as stimuli. 


—Subjects—One hundred and eighty volunteers from an introductory psy- 
chology course were used as subjects. These were divided into 18 groups with 
10 subjects per group. Nine groups learned each list. For each list, four groups 
were free-recall learning groups; here a single free-recall trial was р 

each group at either trial 2, 5, 8, or 11. Four other groups were associative- 
learning groups. Here, a single matching trial was provided each group, this 
also taking place on trial 2, 5, 8, or 11. Finally, a control group was 

12 uninterrupted PA trials. Subjects were assigned to each group randomly, - 
except that one subject was assigned to each group before there were any 
replications. 


—Procedure—A 12-trial study-test procedure was used in which each study 
trial consisted of the presentation of the nine paired associates with а 5 
projector exposing each pair for 2 sec. А 60-ѕес test trial followed each 

trial. The conventional PA tests consisted of listing the nine stimulus items 
and instructing the subject to write down an appropriate CVC beside each - 
stimulus term. Four different orders of stimuli were provided. On the desig- f 
nated trials, either a free-recall test or a matching test replaced the conven- | 
tional PA test. For the free-recall tests, the subject was instructed to write 
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down only those CVCs he could recall; stimulus terms were not provided. 
For the matching tests, the response CVCs were listed in alphabetical order 
at the top of the sheet and the subject was instructed to write, beside each of 
the listed stimulus items, the CVC that had been associated with that item. 


Results 


The learning of the high and low intralist-similarity control groups, 
which were provided 12 PA trials uninterrupted by either the presenta- 
tion of a single free-recall or matching test, is indicated in Figure 1 and 
clearly reveals the significant overall effect of intralist response simi- 
larity in paired-associate learning. Using total number of correct re- 
sponses obtained over all 12 trials, a t of 3.52 was obtained (p < .01). 


„> LOW 
LI SIMILARITY 


HIGH 
‘SIMILARITY 


MEAN NO. CORRECT RESPONSES 


e s 5 6 so on 2 
TRIALS 


Fig. 1. Paired-associate learning as à function of high and low intralist re- 
sponse similarity; Experiment I 


It is the influence of intralist response similarity on each of the two 
stages of learning, however, that is of primary interest; Figure 2 pro- 
vides this information. An analysis of variance was performed using 
number of responses correct for the groups given à free-recall test 
at trial, 2, 5, 8, or 11; this was à 2 X 4 factorial with similarity and 
trials the two variables. The Fs for trials (18.77, 3 and 72 df) and simi- 
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larity (11.29, 1 and 72 df) were both significant beyond the .01 level; 
the interaction, however, was not. 
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Fig. 2. Free-recall and matching-test learning as a function of high and low 
intralist response similarity; separate-groups design, Experiment I 


An examination of the influence of intralist response similarity on the 
associative stage—as inferred from correct matching responses on trials 
2, 5, 8, and 11 for the hook-up groups—also reveals a significant effect, 
with similarity and trials both significant at beyond the .01 level (trials, 
F = 12.35, 3 and 72 df; similarity, F = 18.11, 1 and 72 df). The inter- 
action was not significant. 


EXPERIMENT II 


The experimental design used in Experiment I is costly in terms of 
the number of groups required to examine even a reasonable number 
of points along the trial continuum. Experiment II was conducted in 
order to determine if it would be possible to provide the experimental 
groups with more than a single free-recall or matching test without 
changing the general nature of the relationship obtained in Experi- 


RESPONSE SIMILARITY 525 


ment I. More specifically, groups given high- or low-similarity material 
would be provided four free-recall or matching tests, the location of 
these being identical to those used in Experiment I, namely, on trials 
9, 5, 8, and 11. 


Method 


—Materials and procedure—The same materials and procedures that were 
used in Experiment I were employed in Experiment II. The basic difference, 
of course, was that instead of utilizing four recall and four associative-learning 
groups for each list, just two groups were used with each list. 
—Subjects—Four groups of subjects, 10 per group, were obtained from an 
introductory psychology course. These groups were as follows: high similarity, 
with а free-recall test at trials 2, 5, 8, and 11; low similarity with a free-recall 
test at trials 2, 5, 8, and 11; high similarity, with a matching test on trials 
2, 5, 8, and 11; and low similarity, with a matching test on trials 2, 5, 8, and 
11. Subjects were assigned to each group randomly except that one subject 
was assigned to each group before there were any replications. 


Results 


Figure 3 reveals the mean number of correct responses for the free- 
recall and associative-learning (hook-up) conditions on trials 2, 5, 8, 
and 11. A marked similarity between the findings obtained in Experi- 
ment I and Experiment II can be noted. The t tests between the high- 
and low-similarity free-recall groups and between the high- and low- 
similarity associative-learning groups were both significant at beyond 
the .01 level (free recall, t = 3.13; associative learning, t = 9.89), thus 
confirming the findings obtained in Experiment I. 


DISCUSSION 


Although our primary purpose was to examine the role of high and 
low formal intralist response similarity on the two stages that Under- 
wood and Schulz (1960) have hypothesized to characterize paired- 
associate learning, our findings strongly support the more general posi- 
tion that the learning is a function of the amount of formal similarity 
present in the list. In all comparisons of appropriate groups provided 
high and low similarity, the group given low-similarity items to learn 
did so significantly more rapidly than the group given high-similarity 
responses. 

Our basic concern, however, was to examine how intralist response 
Similarity influences the two stages of paired-associate learning. First, 
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Fig. 3. Free-recall and matching-test learning as a function of high and low 
intralist response similarity; each group given four matching-test or free-recall 
trials, Experiment II 


our results indicate that response learning is facilitated by low similar- 
ity, with the superiority of this group being manifested throughout the 
12 trials. Underwood, Ekstrand, and Keppel (1964) and Stimmel and 
Stimmel (1967, 1968) have obtained similar findings. 

It should be noted that this superior response learning with low for- 
mal similarity of the response items is in contrast to the results reported 
by both Jung (1965) and Horowitz (1961). Jung has reported that such 
similarity is not a significant variable in the response-learning stage 
while Horowitz (1961) obtained a free-recall measure with a serial- 
learning task and has reported that high formal similarity facilitates 
learning. As Underwood, Ekstrand, and Keppel (1964) have pointed 
out, however, it was possible for Horowitz’s subjects to discover rules 
by which many of his highly similar CVCs could be generated. Finally, 
Underwood, Runquist, and Schulz (1959) have also reported that re- 
sponse learning occurs more rapidly for highly similar items than for 
low. The facilitative effect reported by these authors, however, is not 
surprising, since they were dealing with meaningful or semantic rather 
than formal similarity. There undoubtedly existed high interitem asso 
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ciative strength among the high-similarity items (synonyms) they used, 
and Deese (1959) has shown that this variable greatly facilitates free 
recall. The facilitative effect produced by the low-similarity items in the 
present study undoubtedly arises, as Underwood (1966) has suggested, 
from the fact that the recall of low-meaningfulness CVCs requires an 
associative phase; that is, the subjects have to learn the associative con- 
nections between the letters that make up each item. The learning of 
these connections is inhibited to a much greater extent by the highly 
similar items. 

If we can infer associative learning from the findings obtained with 
the matching test, our results parallel those obtained with response 
learning and indicate that associative learning is also a function of 
intralist response similarity. Horowitz (1962) has reported similar find- 
ings. The difficulty of discriminating among the high-similarity response 
items undoubtedly contributes to the poorer matching-test scores. 

A comparison of the amount of response and associative learning has 
led Jung (1965) to report that response learning is greater than asso- 
ciative learning at the beginning of the task. On the other hand, Horo- 
witz and Larsen (1963) have reported that the associative-learning 
stage takes place more rapidly than the response-learning stage. Our 
findings support neither position. On trial 2, the first trial in which such 
a comparison could be made, free-recall scores were not significantly 
different from matching scores, either in Experiment I or II. 

Considerable question must be raised, however, as to whether or not 
this kind of comparison between response measures is appropriate. The 
situation is not unlike the traditional comparison between recall- and 
recognition-test scores. It has been demonstrated by various investiga- 
tors that any difference between these measures is a function of the 
conditions under which the measurement is obtained; hence, any gen- 
eral conclusion about the rapidity with which response learning and 
associative learning take place would appear to be open to question. 

The last point we should like to make is that the use of a single group 
provided multiple free-recall or matching tests appears to provide ex- 
perimental findings similar to those obtained when multiple groups are 
employed, Although this finding should be verified in a variety of other 
experimental conditions, it could, if confirmed, effect considerable sav- 
ings in the number of subjects necessary to conduct this type of experi- 
ment. One precaution should probably be exercised with this type of 
design: sufficient numbers of PA tests should be provided in order to 
ensure that the subjects perceive their primary task as one of learning 
the paired associates. | 
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MODALITY, DIFFICULTY, AND ‘COUPLING’ 
IN VIGILANCE BEHAVIOR 


Michel Loeb and John R. Binford 
University of Louisville 


With auditory, loosely coupled visual, and closely coupled visual intensity- 
discrimination tasks matched for difficulty (d’) for each of 20 subjects in a 
short-term monitoring session, subsequent vigilance performance on the tasks 
was predictable, and a number of indices of performance and performance 
change correlated significantly and appreciably across the vigilance tasks. 
There were indications of modality specificity, but degree of coupling was not 
as significant a factor as expected. 


In general, correlations of performance on different vigilance tasks 
have been reported to be quite low (Buckner and McGrath, 1963), 
especially when the tasks have involved different sensory modalities. 
This finding poses problems for most of the conventional theories of 
monitoring behavior, which do not identify task-specific or modality- 
specific factors. 

One explanation of the low correlations may be, as Hatfield and Loeb 
(1968) pointed out, that most studies comparing vigilance tasks in dif- 
ferent modalities have confounded modality with task difficulty and 
degree of coupling. On the matter of task difficulty, there have in some 
cases (not all) been efforts to equate the task in terms of some index of 
performance— generally, percentage of detected signals. Still, if subjects 
adopt different criteria for responding on different kinds of tasks, 
equating on this basis may not be reasonable (Green and Swets, 1966). 

On the matter of coupling, a definition is in order. ‘Coupling,’ a term 
first employed by Elliott (1960), refers to the degree to which subjects 
are ‘tied in’ to the display on which the signal is presented, irrespective 
of their orienting or observing behavior. Generally, subjects are said to 
be closely coupled to an auditory display, especially one presented 
through earphones, and loosely coupled to a visual display, especially 
One requiring foveal acuity. It is also possible to devise a closely coupled 
Visual display by presenting signals through changes in room illumi- 
Nation, 

The results have not been conclusive. To put them in a common no- 
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tation, the short-term monitoring experiment of Gunn and Loeb (1967; 
an attempt to match in average sensitivity an auditory and a closely 
coupled visual task) found moderately high correlations for the theory of 
signal detection indices d' and 8 as well as for false positive (or ‘false 
alarm,’ FA) responses. Detections (or ‘hits,’ D) were not very highly cor- 
related in this experiment. The long-term monitoring experiment of Hat- 
field and Loeb (1968; an attempt to match in average discriminability 
an auditory, a closely coupled visual, and a loosely coupled visual task) 
found significant and appreciable correlations between the three condi- 
tions for D and, under some conditions, for FA, d' and 8. For some 
measures, coupling seemed to be a major factor; for others, sensory 
modality. 

A different explanation of the reported failures of correlation has 
recently been advanced by Sverko (1968). He noted that most, if not all, 
of the experiments reporting negligible correlations involved the moni- 
toring of near-threshold signals, and he suggested that if sensory acuity 
were not a factor, one might expect higher correlations. In his experi- 
ment the subjects observed (in separate sessions) auditory, visual, and 
electrocutaneous trains of pulses and were told to respond whenever 
the number of pulses in successive trains was the same. Under these 
circumstances, correlations between D and FA in the different modali- 
ties were rather high (ranging from .66 to .84, only slightly lower than 
the task reliabilities). 

It could be argued that in Sverko's task the subjects were reacting to 
numerosity, a characteristic essentially independent of the modality in a 
way that other, more primary sensory qualities—say, intensity and pitch 
or color—cannot be. Still, this is simply hypothesis; intensity might 
equally well be a quality transcending modality. 

The present experiment was designed to determine whether the cor 
relations for visual and auditory intensity-discrimination tasks would be 
higher if task difficulty were individually matched, for each subject, and 
to determine whether the Hatfield and Loeb results would be replicated 
under these conditions. 


METHOD 


— Subjects—The subjects were 20 students at the University of Louisville, 
paid for their participation in the experiment. Each underwent one selection 
and training session, three matching sessions, and three vigilance sessions. 


— Selection and training session—In the first session the subjects' auditory 
shracholds were meand with a clintcal sudiometer, and those with thresh- 
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olds more than 20 db above 0 (ASA) were rejected. The subjects were then 
trained for 10 min each on an auditory, a closely coupled visual, and a loosely 
coupled visual monitoring task. 

The training on the auditory task consisted, first, of asking each subject to 
listen to a train of white noise, .5-sec pulses presented through earphones. 
The interval between initiation of successive pulses was 2.5 sec. Threshold for 
the pulse train was determined by a method-of-limits procedure and intensity 
of the pulses was set 60 db above threshold. The subject was then told that 
his task was to listen to the pulse train and to detect signals—noise pulses, 
infrequently presented, slightly more intense than the usual pulses—and 
respond as rapidly as possible with a key press. In this part of the training 
session, signal level was 61.7 db, 1.7 db greater than a nonsignal pulse. Signal 
rate was 2 per min. 

During training on the closely coupled visual task, each subject sat in a 
slightly reclining chair with his head relatively fixed in a headrest. His eyes 
were sealed shut with transparent tape, and he was asked to observe a series 
of successive room illuminations produced by periodic lighting (by fluorescent 
tubes at the back of a light box) of a translucent Plexiglass square, 24 by 
24 in. at a distance of 38 in. Intensity at his head was 3 ftc. Timing of the 
pulses was the same as in the auditory task. He was to respond with a key 
press to signals 6.3 ftc in intensity. 

Training on the loosely coupled visual task was the same as on the closely 
coupled one, except that the subject's eyes were open and the observed source 
of illumination was a translucent Plexiglass disc 2 in. in diameter. Base-level 
pulses were 40, higher-level pulses 84 ftL. Whereas in the closely coupled task 
the room was dark between pulses, in this loosely coupled task the room 
illumination was 15 ftc. 

In all these training tasks an average of two signals were presented each 
minute; interstimulus intervals ranged from 10 to 50 sec. Each subject per- 
formed 10 min with verbal feedback and 10 min without, on each of the three 
tasks. A 5-min rest was given between conditions. 


— Matching sessions—In the auditory matching session, the levels were 1.4, 
1.7, or 2.0 db above the levels of the nonsignal pulses. In the closely coupled 


the loosely coupled visual task, the intensities of the spot when signals were 
present were 60, 84, and 100 ftL—db increments identical to those in the 


The measures D and FA were defined respectively as the correct responses 
within 2.0 sec after signal discrimination (before the next nonsignal pulse) 
and as the responses at other times. These data were tabulated and from 
them the signal-detection indices d' and log B were plotted. The intensity 
levels with the most closely matched d' indices for the three tasks were selected 
for use in the later experimental (vigilance) sessions. In case of uncertainty as 
to which two levels were most closely matched, log 8 values were used to 
resolve the uncertainty. 


—Vigilance sessions—The final sessions were the vigilance sessions, during 
which each subject was run on three separate days, one task per day, at the 
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most similar d’ levels established in the matching sessions. Within each 1-hour 
session there were 120 signals, 30 within each 15-min block. Before each 
session there was a brief warm-up period in which each subject was allowed 
to detect three signals. The measures for D and FA were scored as in match- 
ing sessions. 


RESULTS 


Of interest are the relationships of performance on the different tasks 
in the short-term (matching) sessions, the relationship of performance in 
each short-term session to that in the long-term (vigilance) session for 
the same task, and the intercorrelations of performance measures in the 
vigilance sessions. 


Matching sessions 


Table 1 shows the matching-session correlations between the different 
but difficulty-matched tasks for each of the vigilance measures—D, FA, 
d', and log 8. Note that these correlations are generally moderately high 
and usually highly significant (p < .01). 


Table 1. Correlations of performance (D, FA, d', and log 8) between diffi- 
culty-matched auditory (A), closely coupled visual (VC), and loosely 
coupled visual (VL) tasks; matching sessions 


D FA d Log 8 
VG VG Welw VE. vC VL ve VL 


A  .56** .59** — gate .Gl** — 88** .85** 46° 59 
vc E 66°° .80** di 


«ч МАРЛИ ONS  —— 


°р < .05. **p < .01. 


Analyses of variance for these measures in the matching sessions in- 
dicate that D varied significantly across different conditions (p < 025), 
detections being significantly fewer in the auditory condition. However, 
d' (the parameter on which levels of difficulty were matched) did not 
vary significantly across conditions; nor did FA. Log 8 was a significant 
source of variance, being highest in the auditory condition and lowest in 
the loosely coupled visual condition. These relationships are shown in 
the bar graphs at the right of Figures 1-4. 
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DETECTIONS (9) 


1 2 3 4 
15-MINUTE BLOCKS IN VIGILANCE SESSIONS 


Fig. 1. Detections (D) in matching and vigilance sessions 


FALSE ALARMS (2) 


VIGILANCE MATCHING 


15-MINUTE BLOCKS IN VIGILANCE SESSIONS OVERALL SESSION 


Fig, 2. False alarms (Е А) in matching and vigilance sessions 


Matching versus vigilance 


Consider next the relationship of performance in the matching session 


to that in the vigilance session. Table 2 gives the correlation between 
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Fig. 4. Conservatism (natural log 8) in matching and vigilance sessions 


matching-session and vigilance-session measures, both for the entire 

vigilance session and for each 15-min block within it. М 
For the entire vigilance session, D was significantly correlated (with 

matching-session D) for every task, being highest in the closely 
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and lowest in the loosely coupled visual task. For FA a significant corre- 
lation was obtained only in the auditory task. For d’ all correlations were 
significant; for log 8 correlations were moderate and significant for the 
auditory task and the loosely coupled visual one; for the closely coupled 
visual task the correlation was moderate and approaching significance. 

For the first block of the vigilance session, the correlations followed a 
similar pattern. For log 8, however, only the correlation for the closely 
coupled visual task was significant. On the blocks following, there may 
have been a slight tendency for the correlations generally to become 
successively lower, but there were numerous exceptions and we cannot 
state that this occurs in any systematic fashion. 

A comparison was made of the mean performance measures in the 
matching session and the first vigilance block. (Analyses of variance in- 
dicated no significant difference between the matching session and the 
entire vigilance session on the comparisons involving percent D.) The 
FA percentages declined significantly between the matching session and 
the first vigilance block (p < .01); a significant interaction of sessions 
(matching versus vigilance) and conditions was noted (p < .05), the 
decline being greatest in the loosely coupled visual condition. On the 
other hand, d’ was significantly greater in the first vigilance block than 
in the matching session, as was log 8 (p < .05 for both). For the latter 
measure a significant difference between conditions was also noted, log 
B being largest for the auditory task and smallest for the closely coupled 
visual task. Generally the analyses further indicated that percent D was 
significantly less for the first vigilance block than for the matching session 
(p < .01), especially for the loosely coupled visual condition (interaction 
of matching versus first-block vigilance session and conditions significant 
at the .01 level). 


Vigilance sessions 


Correlations of the different performance measures for the entire 
vigilance session and each block for each task are shown in Table 3. 
(Scatterplots for the correlations were examined. There appeared to be 
little or no evidence of curvilinearity in the relationship—little or no 
probability that the correlations were due to extreme values.) 

Note that for D the correlations were generally sizable and significant. 
For FA there appeared to be generally significant and appreciable inter- 
task correlations throughout the session only for the two visual tasks 
(closely and loosely coupled); other correlations tended to be significant 
only in the first block. For d' there tended to be significant correlations 
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overall and throughout the sessions. This is somewhat true for log A, aml 
there appears to have been some tendency for correlations to decrease 
over time. 

Analyses of variance were also performed for cach measure 
vigilance sessions. Generally, D declined significantly, as in ай 
seutons (p < 01), There was significant intertask variae, D 
in the closely coupled visual condition. FA did not decline 
. This is unusual in vigilance experiments; the probable 
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instead took place in the matching sessions. The analyses indicated 
significant decrement in Ф (p < .025) and significant intertask 
ance (p < .025), with d' greatest in the loosely coupled visual 

Log 8 increased significantly (p < .025) and showed significant 
task variance (p < 01), with log 8 greatest in the closely coupled 
condition and least in the auditory 
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Table 4. Intercorrelations of change in performance (D, FA, 4, 
log 8 between auditory (A), Corby (VC), ар oup 
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The moderately high correlations obtained in the matching mentes 
(М, 1) simply demonstrate that W subjects are fairly well matched 
Dis of sensitivity (Ф), they are reasonably well matched ia Wass 
sary performance measures (D nad РА) as well as tha ether mst 
detection measure (8). А 

It was ташын that if the matehing.sesson scores (for speci 
tyros of tasks) were correlated with thane fn the vigilance venim uam 
the highest correlations would be between the matching session mar 
he highest core in. the fist 15 min of the vigilance session (aban Фе 
wibiects presumably would be maximally alerted). No such trend 
emerged (Table 2). Generally moderate correlations prevailed through 
cut though for the FA measure in the closely 
conditions the correlations were generally low and 

mitins correlations of performance on the three tasks inthe 
seins (Table 3) were moderately high, especially for the 

sesión 
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measures. In block 1 the were generally rather. 
all measures; but for the entire and for the remaining 
Ш пово generally true for the РА and d' messe FU В 
session and for blocks 2, 3, and 4, FA correlated well only for 
visual conditions. For the entire 
significantly only for the visual conditions; 
correlations were obtained for d' 
correlation was for the closely coupled tasks (for the 
dax coupled visual tasks) rather than for both te views ome 
data, r CP those in Table 2, suggest that there are factors 
sc, wl м ише qiie Аун 
ing. 

aping ations of percent change (Table 4) МИЛИ that cann 

p Is еы from one task to another. ey ا‎ ome SS, 
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conditions. (А пее coupled visi Са wes Ce е 
in the closely chiions of FA changes between the other comb m 
Sr, the coreation ders ens tie onsen to expect dh So 
dissimilar, and ald be interpreted asa chance ing) ан E 
don, this probably shored in terms of rather ма D, K B SAG 
prising that only the changes in D were correlated. This 
ee сонты 
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greater than in other measures, for although a number of studies have 

shown changes in D and FA, changes in @ have not always occurred and 

or have usually been small. The best conclusion from the correlations in 

Table 4 is that only D seems to exhibit a correlation of changes within 

sessions. 

The data do not entirely support Sverko's suggestion (1968) that cor- 
relations of performance can be obtained only for suprathreshold tasks. 
They indicate that when performance in the different modalities is 
equated under alerted conditions, then there will be high correlations on 
certain indices of overall performance and changes in performance. 
However, Sverko felt that the low correlations usually obtained may re- 
flect differing sensory acuities in different modalities, and the procedure 
employed in this experiment largely eliminates such differences. 

In conclusion, if vigilance tasks in auditory and visual modalities are 
equated for individual subjects in terms of type and difficulty of dis- 
crimination, then 
1. Performance measures [detections, or hits (D); false alarms, or false 

positives (FA); sensitivity (d’); and criteria (log 8 )] are rather highly 

correlated for a short (15-min) monitoring session; 

2. D, d', and log 8 in a longer (1-hour) session can be predicted rather 
well from performance in the short session. For FA this appears to be 
true only for the auditory task; 

3. D and log 8 are rather highly correlated across tasks for a l-hour 
vigilance session. FA and d' correlate significantly only for two 
visual conditions, one closely coupled and the other loosely coupled, 
though there appear to be lower correlations between the other con- 
ditions, especially for d'. In the first 15 min of the vigilance session 
almost all measures are correlated across tasks; and 

4. Changes in D, generally decrements within sessions, are appreciably 
correlated across tasks. 

The results, taken as a whole, suggest that when tasks in different 
modalities are matched for difficulty, then performance (and changes in 
performance) on them will be correlated—that monitoring behavior is 
not entirely modality specific. On the other hand, the data also suggest 
that there probably are modality-specific elements involved too, as pet 
formance on the visual tasks tended to correlate most highly. There is 
little evidence that degree of coupling played a role in the present ex 
periment; still, using an even more loosely coupled visual task (say, one 
requiring a very precise spatial discrimination or constant foveal view- 
ing) might alter that outcome. 
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TEST OF A MULTIPLYING MODEL FOR 
ESTIMATED AREA OF RECTANGLES 


Norman H. Anderson and David J. Wein 
University of California, San Diego 


| ratings of physical size were obtained for 36 rectangles in a © x 6, 
x height design, with each factor ranging from 3 te 5 cm Thee 
approsiately eet in phil es Scape 


969). An interesting example is cited by Paterson and Tinker (1938; 
Ө) иеа Bevan, 1964; Tolansky, 1904, p. 49), who noted het, 
or ү to appearances, the marginal white space on a printed Page e 
T У eme to the central printed area. In a typical page of test ia th 
jou hiy equal ample, the marginal area occupies approximately 4% of 


i iir. the product of the subjective values of width and Height, b 
0 fect, the product e of procedures from the theory of function 


‘stimulus values is needed. 

elus reo: allowed for, though this cannot be explicitly tested in 
a simple multiplying model. 
543 


METHOD 


—Subjects and apparatus—The subjects were instructed to judge the actual 
physical area of rectangles using a linear graphic rating. The 36 basic ree 
tangles were constructed from a symmetrical 6 x 6 factorial design. Both 
width and height of the rectangles varied from 3 cm to 18 em in equal 


The subject sat 1 m from the stimulus-response display and meer 
varying the extent of exposed white part on an endless motorized strip of 
tape. The exposed white part could vary from 0 to 50 cm, and the left and 
right ends were anchored by squares of 1 and 23 cm respectively, The stim- 
ulus rectangle was presented midway between the two anchor cards and all 
these were in the same plane as the response tape. The subjects were 23 
members of the student community, who were paid for their services. 


—Materials and procedure—The rectangles were outlined in 1.5-mm black 
tape on square white tagboard cards, 23 cm on a side. In addition to the 36 
stimuli, filler rectangles of 1 by 2, 1 by 3, 2 by 2, 18 by 20, 18 by 21, 20 by 21, 
21 by 21, and 22 by 22 cm were included. Following 10 practice trials, these 
44 stimulus rectangles were presented in a different shuffled order three times 
for each subject. The experimenter presented the stimuli, recorded the re- 
sponse, and reset the white tape to zero after each response. 


RESULTS 


The mean judgments are plotted as a two-way design in the left panel 
of Figure 1. Stimulus width is on the horizontal axis, and one curve is 
plotted for each of the six heights. The multiplying model implies that 
these curves should form a diverging fan of straight lines, and this is true 
to a good first approximation. 

However, there is some discrepancy from the model, visible in the 
slight downward curvature of the bottom curve and in the more marked 
upward curvature of the top curve. A different view of this discrepancy 
is seen in the right-hand panel of Figure 1, which plots the response 
against the physical area on the horizontal axis. This shows small but 
definite deviations from a linear relation, 

Almost the identical pattern of results was obtained in an earlier, unre- 
ported experiment with the same apparatus, design, and general р 
cedure. The pattern thus appears to be reliable, but no explanation is 
known, A number of factors can probably be ruled out, however, and 
these require a few remarks, 

The most important possibility is that the multiplying model applies 
but that subjective and objective values of width and height are not 
linearly related. Figure 1 is thus not a satisfactory test of the model, 


since it uses the physical values of the stimuli. However, a strong test 


MULTIPLYING MODEL 
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of the model is available, one which does not depend on the use of physt- 
cal stimulus values (Anderson, 1970; Anderson and Shanteau, 1970) bet 
instead rescales to the best estimates of their subjective values. The 
stimuli were rescaled in this way, but the resultant graph had the same 
overall shape, both for the present and for the earlier experiment. Ac 
cordingly, the discrepancy cannot be attributed to a nonlinear relation 
between subjective and objective values of width and height. 


Other considerations 


Four other factors deserve brief comment. First, assimilation-contrast 
effects between the rectangle and the card containing it can probably 
be ruled out. In the earlier experiment, each of 17 subjects judged three 
replications of the 36 rectangles on both 28-cm* cards and on 4l-cm* 
cards. The graphs were almost identical for the two conditions. 

Second, the judgments of the largest and smallest squares in Figure 1 
seem perhaps too extreme. This might be an end effect in the response 
scale, which was suspected of being the source of the trouble, since simi- 
lar results had appeared in the earlier experiment. The present filler rec- 
tangles, outside the range of the 36 experimental rectangles, were in- 
cluded to eliminate such an effect. Thus, the reappearance of the same 
pattern suggests that it is not the result of an end effect in the response 
scale, 

Third, there might be shape effects, so that rectangles of the same area 
but different dimensions would produce different responses. Previous 
reports (Smith, 1969) have suggested that figures with one large and one 
small dimension tend to be judged larger (though no direct test seems 
to have been made). The present design included a direct comparison. 
Inspection of the left panel of Figure 1 shows a larger response to the 
3 by 18 and 18 by 3 rectangles than to the 6 by 9 and 9 by 6 rectangles. 
A similar, slightly larger effect was also found in our earlier experiment, 
and both were significant by post hoc tests [F = 6.72 and 4.43, df = 
1/16 and 1/22, for the previous and present experiments]. One other 
direct comparison is given by the 6 by 18 and 9 by 12 rectangles, for 
which a similar shape effect was observed in both experiments—though 
itis very slight in Figure 1 (left panel). Such a shape effect could account 
for the upward curvature of the top curve there and would also be con- 
sistent with the fact that the judgments of the squares fit well to a 
quadratic curve. However, the slight downward curvature in the bottom 
curve would remain unexplained. 

Finally, there is the ever-present possibility that the response scale 


The discrepancy from the multiplying model should not obscure the 
reasonably. good fit that it gives to the data. It is appropriate, therefore 
to inquire more closely into the process underlying the judgments 
Teghtsoonian (1965) reports that subjects judged the physical area of 
Mares and circles by estimating and squaring a linear dimension. Fos 
rectangles, analogously, they could estimate width and height and 
Ee the two, though the subjects in our experiment did not report 


50. 

An alternative, perhaps simpler, hypothesis is that the process is one of 
additive integration. Responses obeying an additive process would still 
appear to follow a multiplying model. This additive hypothesis also 
applies to irregular figures more directly than would a multiplying 
model. Accordingly, it may merit consideration even though there is 
some evidence against it. In its simplest form, it 
judgments of physical area should be independent of shape. 
Tree. such hs obtained here, might mot be a serious problem, эшке 
shape variables might be expected to influence the integration to some 
degree. счет. two other reports seem to indicate somewhat more 
substantial deviations from the additive hypothesis. The first is the page- 
margin effect mentioned in the introduction. The second is Teght- 
margin effect (196$) that judgments of both apparent size srd of 
physical area for irregular polygons followed a power function with ex- 
ponent of about .8. 

nent Fatt tion must, of course, be made between judgments of 
size and r distinction refer to the linear dimensions of а figure as well аз 
Se aroa. ын jects may ick always male А Sue ЧИНЕ БЕ 
tween the two, even when told to judge ph area. The page-margin 
effect, for example, seems in part to result from a comparison of linear 
dimensions. Both linear and areal cues could then contribute to the 
response, perhaps as à weighted average. 

Functional-measurement procedures (Anderson, 1970) might provide 
a useful approach. Stimulus figures could consist of two or more spatially 
separated components, combined according to factorial designs. If the 
adding hypothesis has any validity, then judgments of total area should 
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be additive in the stimulus components. This could hold even though the 
components themselves were judged and evaluated on a different basis 
—and showed shape effects, for instance. The hypothesis of component 
addition can be tested simply and directly using the raw response mea- 
sure. If the hypothesis holds, then the subjective values of the com- 
ponents can be estimated directly from the data on equal interval 
scales. This would be an important result, since it would give a 
theoretically valid measure of the effective phenomenal size of the com- 
ponents. Such measures would provide a solid base for the study of the 
processes underlying the valuation of the components. 


Notes 


The work reported was supported in part by National Science Foundation 
Grant GB 6666, in part by a grant from the National Institutes of Mental 
Health to the Center for Human Information Processing, University of Cali- 
fornia, San Diego. The authors wish to thank Carlyn Joergensen for her 
assistance. Received for publication October 14, 1970. 

l. Functional scaling of length is illustrated in Weiss and Anderson, 1969. 
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CLASSICAL RESPIRATORY CONDITIONING 
IN THE FISH: CS INTENSITY 


W. T. Woodard 
University of South F lorida 


Fish (Cyprinus carpio) were trained in a Pavlovian respiratory-conditioning 
situation with light as CS and shock as US. To distinguish learning from per- 
formance effects during acquisition, two groups were trained from the start 
with different CS intensities and then half of each group 
tensity of the other. Intensity had a clearly associative effect as well as a non- 


associative one. 


In a variety of Pavlovian conditioning situations, performance im- 
proves with CS intensity (Gray, 1965). But does learning—as distinct 
from performance—improve with CS intensity? In a conditioned-sup- 


Kamin and Schaub (1963) found that CS 
intensity affected acquisition in general but not (beyond the results attrib- 


gues for much associati s 
effect of CS intensity have been repo! ed in extinction experiments on 
eyelid and GSR conditioning in man (Grant and Schneider, 1948, 1949) 


and on conditioned wheel-turning in rats (Kessen, 1953). It is conceiva- 


ble, however, that extinction is not the best procedure to use for measur- 
ing the effect of CS intensity on learning, as the course of extinction in 
classical conditioning may be too rapid to provide a sufficiently sensitive 
measure. In the factorial experiment now to be reported, à substantial 
associative effect of CS intensity was found in acquisition. 


METHOD 


—Subjects—The subjects were 127 Japanese carp (Cyprinus carpio), aver- 
aging 80 mm in length. They were ed at random from groups living in 
large holding tanks, immediately tested, and then discarded after a single 
experimental session. 

—Apparatus—During training, each fish was immobilized in a padded acrylic 
ddp that mei. кисек О] opercular (gill-cover) activity but little 
other bodily movement. The clamp was submerged in a water-filled tank in- 
side a sound-attenuating chamber. 
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The unconditioned stimulus (US) was a 50-msec, 7-ma, d.c. shock ad 
ministered through electrodes located on either side of the fish. Resting lightly 
against the fish’s operculum was a flexible wire probe clamped in the needle 
holder of a crystal phonograph cartridge (Astatic 12-U). The cartridge ges- 
erated an electrical signal proportional to opercular activity, and this signal 
was amplified and integrated over time by a Sanborn 350-3700 integrating 
preamplifier. The output of the integrator yielded a measure proportional to the 
total amount of opercular activity within any given period of time. Both the 
unintegrated and integrated signals were recorded on a Grass 7 polygraph. 
Another channel of the polygraph was used to record CS and US presenta- 
tions. At all times а light diffusely illuminated the dull white interior of the ex 
perimental chamber. The two other lamps, fitted with filters of different den- 
sity, provided the diffuse low- or high-intensity illumination used as the con- 
ditioned stimulus (CS). The level of illumination, measured as incident light 
at the chamber wall in front of the fish, was .02 ftc with no CS, .03 fte with the 
low-intensity CS turned on, and .19 ftc with the high-intensity CS turned on. 


—Procedure—The pattern of opercular activity normally evident in many 
fish is so irregular that Otis, Cerf, and Thomas (1957), who previously in- 
vestigated respiratory conditioning in the fish, found it necessary to discard 
much of their data. But when an irregularly respiring carp is placed with its 
head toward the anode in a weak d.c. electric field, the variability of opercular 
activity is dramatically reduced.! This technique was used in the present ex- 
periment after preliminary work showed good opercular conditioning to be 
possible in fields of up to about .10 ma/cm?. Fields of higher intensity or of 
opposite polarity tended to depress performance. 

Accordingly, each fish was first immobilized by mild electronarcosis, 
achieved by placing the fish in an anodic orientation in a .35 ma/cm? electric 
field generated by passing a d.c. current between carbon electrodes lining 
both ends of the experimental tank. The clamp was applied, and as soon as A 
clamped fish was put into the testing chamber, a d.c. field of .20 ma/ cm 
quickly stabilized its respiration. Then, 8 min later, and before any trials 
were begun, the field was reduced to .07 ma/cm?, the minimal value set for 
acceptable respiratory regulation. t 

Then came (a) a 10-min adaptation period, (b) 3 US-only trials with a 
30-sec mean intertrial interval, (c) 10 CS-only (habituation) trials with а 
30-sec mean intertrial interval, and (d) 10 CS-US trials with a 4-min mean 
intertrial interval. In the four experimental groups, the CS-US trials were 10 
delayed-conditioning trials with a CS-US interval of 4 sec. In the four con: 
trol groups, the CS-US trials were 10 pseudoconditioning trials with the CS 
and US presented at random during the intertrial interval, with the restric- 
tion that no CS-US contiguity of less than 90 sec be permitted. 

For the first 5 CS-US trials, half the fish were trained with high CS-inten- 
sity and half with low intensity. Half the fish initially trained with high in- 
tensity were shifted after trial 5 to low intensity (group HL), and half re- 
mained at high intensity (group HH). The fish trained with low intensity 
were divided into corresponding LH and LL groups. The control groups were 
trained with the same intensities as the experimental groups, and designated 
HLC, HHC, LHC, and LLC respectively. During the 10 CS-only trials pre- 
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original group of animals trained with the same CS intensity ( say, HH + 
HL). 

Data for the matched groups are plotted in Figure 1, the upper portion 
of which shows the experimental performance and the lower portion 
of which shows the control performance. The scale of the ordinate is in- 


-——PRESHIFT ——> -——POSTSHIFT —» 
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MEDIAN RESPIRATORY RATIO. 
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Fig. l. Median respiratory ratios as a function of trials before and after 
CS-intensity shift for experimental (upper panel) and control groups (lower 
panel); data plotted on an inverted scale, with higher points indicating greater 
response to the CS 


verted to show improvement in performance as an ascending curve (i.e 
as progressively greater suppression). It should be noted that the same 
postshift relationships appear in a plot of the data for the original, un- 
selected groups. 

The curves for the unshifted groups show clearly that the effect of CS 
intensity in the early trials persisted in later trials (for LL versus HH, 
postshift, U = 6, n = 19, 14, p < .002). While the immediate postshift 
decrement seen in group HL (HL versus HH, Wilcoxon T = 5,n = 


 —— o ————ÁÁ р _ ч‏ جص ص ص ڪڪ ي 


RESPIRATORY CONDITIONING 553 


14, p < .01) might have been due either to reduced energization of per- 
formance or to a generalization decrement, the immediate postshift in- 
crement in group LH (LH versus LL, T = 0,n = 12, p < .01) must have 
been primarily a dynamistic effect, since stimulus generalization would 
have tended to produce a difference in the opposite direction. There is, 
thus, evidence for a nonassociative effect of CS intensity. 

Further evidence of a nonassociative effect is provided by the postshift 
control data. Although the difference between the unshifted controls 
was small and inconsistent, a change to a higher CS intensity clearly 
facilitated group LHC, whose responses were even greater than those 
of group HHC (U = 4, n = 8,8, p = 002)—a contrast effect of the type 
discussed by Grice and Hunter (1964). That no such contrast effect ap- 
peared in the opposite direction was probably due to the extremely small 
magnitude of the responses in the low-intensity groups and the conse- 
quent measurement limitation. 

Although a dynamistic effect is evident in the postshift data, a power- 
ful associative effect of CS intensity also may be seen. Postshift re- 
sponses were greater in group HL than in group LL on all trials (for 
postshift LL versus HL, U = 35.5, n = 12, 14, p < 02). This difference 
cannot be accounted for either in terms of response energization (since 
the postshift stimulus for groups HL and LL was the same) or in terms of 
generalization decrement (since group HL was the one for which stimu- 
lus conditions were changed), or in terms of contrast (which would 
predict a difference in the opposite direction for group HL). Only if the 
animals in group HL had formed stronger associations to the high-in- 
tensity CS before the shift could their responses to the low-intensity 
CS after the shift have been stronger than those of the animals in group 
LL, which were tested under identical conditions but trained before shift 
with the CS of a low intensity. 

It might be desirable to offer some hypotheses explaining the differ- 
ences between these results and those of the earlier factorial studies that 
failed to show an associative effect of CS intensity, but the present ex- 
periment was different in so many respects from the previous ones that 
speculation seems futile until comparative studies can be made. Finally, 
aside from providing evidence for an associative effect of CS intensity, 
the present experiment illustrates the utility of a little-used but highly 
efficient technique for the study of Pavlovian conditioning. The pro- 
cedures described yield substantial levels of conditioning in a short time 
while still permitting detailed study of the course of acquisition. The 
technique has been shown to be quite sensitive to variation in CS in- 
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tensity, a variable usually considered rather weak, and informal ob- 
servations suggest that the method is equally sensitive to the effects of 
US intensity, CS-US interval, and intertrial interval. 


Notes 


This paper is adapted from a doctoral dissertation submitted to the Depart- 
ment of Psychology at the University of Hawaii in 1966. The writer is in- 
debted to Professor W. F. Oakes, under whose direction the work was done. 
Received for publication May 21, 1970. 

1. Unpublished observations. 

2. бее Yarezower and Bitterman, 1965. 
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CS COMPLEXITY AND INTERTRIAL RESPONDING 
IN SHUTTLEBOX AVOIDANCE CONDITIONING 


Donald J. Levis 
University of lowa 


As CS complexity (two levels serial, two nonserial) increased, the intertrial 
responding of Sprague-Dawley rats decreased. "Learner rats did much more 
intertrial responding than did *nonlearners,' and their responding correlated 
positively with—but had no direct effect on the absolute level of —their con- 
ditioned avoidance responding, increasing over trials and then tapering off. 
The general findings, replicated with lowa hooded rats, imply that intertrial 
responses are generalized avoidance responses contingent upon CS-US pair- 
ing and subject to CS discriminability. 


Responses during the intertrial interval that are not differentially rein- 
forced by the experimenter are frequently referred to as ‘spontaneous’ or 
intertrial responses. Sheffield (1965) referred to them as an “ever-present 
nuisance,” implying that they make it less easy to determine the precise 
extent of conditioning. Most investigators either ignore, or expend con- 
siderable effort to minimize, the occurrence of those responses, but little 
is known about the factors responsible for eliciting them. 

In an attempt to make theore ical sense of intertrial responses, Mowrer 
and Lamoreaux (1951) suggested that they simply reflect the ongoing 
process of discrimination learning involved in a conditioning procedure. 
Such a notion implies that the intertrial responses are generalized avoid- 
ance responses elicited by the fear associated to the background cues 
of the apparatus. The extent of this generalization may be considered a 
function of the difficulty the subject has distinguishing situations with 
the conditioned stimulus (the CS, i the CS-US interval) from situations 
without the CS (intertrial interval). It would be expected, then, that in- 
tertrial responding should increase early in training, when that distinc- 
tion is low, and decrease as the conditioned avoidance response» and the 
discrimination of the CS, becomes well established—a trials effect. Such 
tends to be the general finding in the literature (Black and Carlson, 1959; 
Brush, 1957; Church, Brush, and Solomon, 1956; Kamin, 1954; Thomp- 
son, Sachson, and Higgins, 1969). к А 

Another prediction that would follow from Mowrer's generalized-re- 
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sponse hypothesis is that intertrial responses should proportionally de- 
crease as the relative stimulus difference between the CS-US and inter- 
trial intervals increases. One method to increase this difference is to 
increase the complexity of the CS by adding components. Although the 
role of CS complexity in the shuttlebox avoidance responding has been 
investigated (Levis, 1970; Levis and Stampfl, in press), an in-depth 
analysis of its effects on intertrial responding had yet to be made. So the 
present study compared the effects of two different complexities of non- 
serial CS presentation and two different complexities of serial CS pres- 
entation on the development of intertrial responding in a shuttlebox 
situation with CS-contingent (paired) shock. The effects of CS-separate 
shock and of no shock were also evaluated. 


METHOD 


—Subjects—The subjects were 200 experimentally naive male Sprague- 
Dawley rats obtained from commercial breeders. They ranged in age from 
90 to 110 days. 


—Apparatus—The apparatus, constructed of 36-in. clear Plexiglas, was 36 in. 
long, 5 in. wide, and 10 in. high. The box was divided into two 18-in. com- 
partments by a %-in. Masonite barrier extending 4 in. above the surface of 
the floor. The floor of each compartment consisted of a grid made of %-іп. 
brass welding rods spaced % in. apart, center to center. A response was 
defined as a jump over the barrier from one compartment to the floor of 
the other. Each compartment of the apparatus could be independently pro- 
grammed to activate: three pairs of 712-w, 115-v screw-base lamps that 
flashed twice per second; a tone; and a shock source. The tone, a 1,275-Hz 
sine wave, was produced by an audio signal generator. A Grason-Stadler 
shock source with scrambler was set to produce 1 ma of current. Avoidance, 
escape latencies, and the frequency of intertrial responding were recorded 
by a Grason-Stadler print-out counter (E 12505A). 


—Experimental groups—A factorial design (four types of CS presentation, 
two levels of CS order) was used. Forty rats were assigned unsystematically 
to each presentation condition. 

Two of the types of presentation (one-component and two-component com- 
pound) involved nonserial manipulations, and two (two-component sera 
and two-component serial compound) involved serial manipulations. For the 
nonserial manipulations, only one of the manipulated CSs was present for the 
one-component condition (S;) during the designated CS-US intervals, whereas 
two CSs were presented simultaneously throughout the CS-US interval for the 
two-component compound condition ($,S,). For both of the serial manipula- 
tions two CSs were presented, with the onset of 5 occurring at the midpoint 
of the CS-US interval and dividing the interval into two equal time segments. 
For the serial condition (5;/5,), S, was terminated when S, was initiated, 


in the serial compound condition ($,/S,S,), Sı continued to remain on 

"for the entire CS-US interval. 
Ba grou Si, the order Tor ror ntt a tone served as CS for 
hs. flashing lights as CS for the others. In group 5,5, all rats were 


simultaneously presented both tone and as CS. - e $,/$,, half 
The rats got the lights followed by the tone as CS, and got the tone fol- 


owed by the lights. In group $,/S,S,, half the rats got the lights f 
"by a combination of lights and tone, and half got the tone first and then the 


in- 
The of 
0 trol groups—Two groups of 20 rats each were used, one with CS э 
oc] tol eeu separately and one with CS but no shock presented. Te 
ial compound CS (5/89) was used for both control groups. Group N 


st no shock during their trials. Group SS received 30 
0 sec, randomized ) after termination of the CS. If the rat failed to 


respond, the CS was terminated 20 sec after its onset, a 20-sec interval being 
used because the CS-contingent shock for the experimental groups resulted in 
а CS duration longer than 16 sec on escape trials (S, still occurred at 8 sec 

nless a response latency was shorter than 8 sec, however). All other aspects 


` The mean numbers of conditioned avoidance responses for each group 
and the corresponding numbers of intertrial responses are shown in Table 
1. Comparisons between groups Sı and 5,5: and between groups S:/S: 
and S,/S,S; showed no reliable differences on total numbers of avoid- 
ances. As expected, however, an analysis over the total numbers of in- 
tertrial responses revealed an effect of CS complexity: group S, differed 
‘significantly from group S:S2 (p < 01) and group $,/8; from group 
151/515, (р < .025), with the latter, more complex, CS in each compari- 
. son producing fewer intertrial responses. Groups S18» and Si / $,5›, which 
produced the smallest numbers of intertrial responses, were the only ex- 
perimental groups that had two stimulus components present simul- 
taneously for at least half the CS-US interval. 

Separate analyses of the intertrial-response data within each experi- 
mental group in terms of the order of the CS revealed only one reliable 


L4 


-dnos® jmuaunaadxo yous uppaa szapao eq) aurquaoo szaureopuou ри SILPA 


~~ 


эф 205 wep aq, 'dnoiiqns pue dna qpeo uy uonmuosaad 60) jo зәрзо oq 0} 29991 (sug Sunqseg) "т puv (9001) 1, :930N 
CL rt от 8% вләштәүчоуү 
Буя БӨР اا‎ 
0 et sit se wis O90 6 © ST sosuodso1 jvp1oju] 
от Le Ff oF SOL OLL 90. FIS SES SES OES sosuodso1 aouvproAy 
лы лл W/L VIA пым лт TL іп TL yi L 
ss SN 8515/15 "5/1 *s's $ ^ 
dnoa7) dnog dnog dno dnoi5 dnog А 
Surpuodso: [eau pue әоиерцоле ULIN "Т ә19°1, 
- | 7 s 
4 Р 4 


COTES TRIAL BENPONDENG E 


difference. That was 5,/9,5,. where the rats that got the tome 


and then the Же 
ын tn et П а би ри ы M 


ed significant trials elect nor any significant interaction of trial 
ми! oun, This failure to obtain a trials eflect calle into question 
vd. ro Hliscriminative notion, outlined in the introduction. Ap serae 
tec Io pothesis might be that intertrial responses are only random 
ырдачу independent of CS-US pairing. Groups NS aed 55 ar 
рда controls for am evaluation of that sherativ, uad ss TUM 
POODLE ih groups made only occasional responses, Clearly, shock ја 
| shows nal dii mot facilitate intertrial responses, nor did it dillerontialiy 
ирети their rate, since the responding in groups NS and SS женен 
^ hr different, But when а comparison between those control fum 
aly dun S,/S;Ss was made (all throe groups having the sme СЗ am 
and gros? der of presentation), there was a reliable diflevence oes 
de rame ding. which clearly suggests that the contingency of CSUS 
pairing was a critical factor in eliciting 

Finally, the number of the ‘spontaneous responses made during the 
30 min adaptation period for each rat in the a nu Se 
30 min АН trial number of the rat's first conditioned tee 
response (r = Og) and with its total number of conditioned avoidance 
responses (r = + 02) In brief, no reliable effect appeared. 


Learners versus nonlearners 


It seemed possible that ‘poor conditioners in the experiments: PUPPY 
mal scemed ро сае for the nonsignilicant trials effect. To oe 
this possibility, the rats were divided into ‘learners (animals that reached 
this possibility, e ive avoldasces within 150 trials) d EU 
learners’ The number meeting the learning criterion across 
Farmers The oue aap to 28; the mamber failing to mest i rege) 
from 12 to 20. For purposes of analysis (see Spence and Platt, UEM 
from 12 to 20. P Produced the highest mean number of intertrial = 
ا‎ yielded te lowest saba "= 
included. Table 1 compares the mean number of intertrial responses 
подо. te group separately for leemers and nont 
\ for cach ере ш was extended to the selected ani- 
mals across blocks of 10 trials. : 
Than Dison between learners and nonleamers yielded a signifi- 


560 


cant difference (F = 19.71, df = 1/ 158, p < .01), the mean number of 
intertrial responses across all 150 trials being 28.1 and 3.1 for learners 
and nonlearners respectively. And as expected, both the trials effect 
(F = 2.69, df = 14/1764, p< .01) and the interaction of that and 
learners versus nonlearners (F = 2.36, df = 14/1764, p « .01) were sig- 
nificant. 

A comparison of the learners in each of the four experimental groups 
across trial blocks also produced a significant group effect (F = 4.15, 
df — 3/16, p « 01). Group Sı differed from group $15 (p < 05), and 
group S1/S2 from group S:/S:S2 (р < .01), with the latter group in each 
comparison producing fewer intertrial responses. The desired trials 
effect for learners was also obtained (F = 3.14, df = 14/1064, р < .01) 
and is graphically presented in Figure 1 along with the nonsignificant 
trials effects for the nonlearners. It should be noted, however, that the 
function graphed for learners is most likely flattened because of the 
varying acquisition rates for individual rats. The interaction between 
trials and groups was not significant. A similar analysis over the non- 
learners did not yield any reliable differences. (The higher mean inter- 
trial responding for the nonlearners in group 51/5152 seemed attributable 
to one animal.) 

Because the distribution of intertrial responding over the course of 
avoidance conditioning was of interest, a Vincent analysis was per- 
formed on both the avoidance- and intertrial-response data of the top 


LEARNERS NONLEARNERS 


MEAN ITR 


BLOCKS OF TEN TRIALS 


Fig. 1. Mean numbers of intertrial responses (ITR) across blocks of 10 trials; 


data plotted separately for learners and nonlearners of each experimenta 
group 
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20 learners in each experimental group. Accordingly, trials through cri- 
terion for each rat were divided into seven equal trial blocks! and the 
per-trial rates of avoidance and intertrial responding were computed for 
each block for each animal. The mean for each block was then converted 
into a percentage of total responding and plotted for both sets of re- 
sponse data in Figure 2. It is apparent from this figure that the per- 
centages of avoidance and intertrial responses increased at approxi- 
mately the same rate during acquisition—or to put it in other words, that 
intertrial responding correlated positively with conditioned avoidance 
responding across these trials. An inspection of the postacquisition 
data further indicated that the number of avoidance responses for each 
experimental group became relatively stable across these trials while the 
intertrial responses tended to show a slight decline. 


PERCENTAGE OF TOTAL RESPONDING 


"E ov ou 1-283404 15 € 7 


SEVENTH OF ACQUISITION 
Fig. 2. Mean conditioned avoidance responses (CAR) and intertrial responses 


(ITR) as percentages of total responding for each seventh of acquisition; 
data plotted for learners in each experimental group 
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Another aspect of the data that is quite informative is the finding that 
the learners in groups S, versus S,S and groups S; /S; versus $,/8,5; did 
not show reliable differences in total number of avoidance responses, 
even though they did show reliable differences in intertrial responses. 
Subsequent comparisons of these groups on trial number of first avoid- 
ance and on longest consecutive series of avoidances also produced no 
reliable differences. So although, as Figure 2 demonstrates, a high fre- 
quency of intertrial responses is associated with the acquisition of avoid- 
ance responses, the frequency of that intertrial responding is not neces- 
sarily directly related to the frequency of avoidance responding. In fact, 
the absolute level of intertrial responses apparently had no direct bear- 
ing on the absolute level of avoidance responses. That is to say, intertrial 
responses produced neither a facilitory or inhibitory effect. 

The assumption that intertrial responses are directly related to a 
lack of differentiation between the CS-US and the intertrial intervals 
(between situations when the CS is present and those when it is not) was 
supported by the fact that intertrial responses covaried with the degree 
of CS complexity. Thus, the relative difference in responding between 
the two kinds of intervals might further be assumed to provide an ‘index 
of discrimination’ of the CS. For example, group 5,5: showed a greater 
difference between its avoidance responding (in the CS-US interval) 
and its intertrial responding (in the intertrial interval) than did group 
Sı; see Table 1. The discrimination index would thus suggest that the 
CS used for group $,$» provided better differentiation between the in- 
tervals than did the CS used for group S;. Yet, this ‘differentiation’ 
apparently had no substantial effect on the two groups’ avoidance per 
formance; also see Table 1. 

In sum, the notion that intertrial responses are mainly generalized 
avoidance responses is appealing. Not only were their intertrial re- 
sponses found correlated with number of avoidance responses, but 
the intertrial responses for the ‘learners’ in each experimental group 
tended to increase over trials until the acquisition criterion was met. 
Although intertrial responses showed a slight decline past the point 
of acquisition, they continued to occur. According to data from the 
control conditions, little spontaneous responding occurred unless there 
was a contingency of conditioned and unconditioned stimuli (CS and 
US). Furthermore, as the complexity of the CS increased, the rate of 
intertrial responding decreased, while the absolute level of avoidance re- 
sponding appeared to be relatively independent of the absolute level of 
intertrial responding. 

Additional data were obtained with a different strain of rats (Iowa 
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hoods). A one-component CS (S;) was compared with а three-component 
compound CS (S,S3S3), and a two-component serial compound ($,/$,5;) 
was compared with a three-component serial compound (${/$,$:/ 
5,5.5.), using apparatus and procedure similar to those just reported. 
These replication data were quite consistent with the main findings. 
Intertrial responding correlated positively with avoidance responding. It 
increased with trials and subsequently decreased and leveled off. Learn- 
ers differed from nonlearners, and the discrimination index was signifi- 
cantly larger for the CS, in each comparison, that encompassed the 
greater number of components. So the main results of the present study 
appear to be independent of the strain used. We might finally note that, 
although more direct comparisons are needed, hooded rats tended to 
produce less intertrial responding. 


Notes 


The research reported was supported by Biomedical Science Support Grant 
FR 07035 and by Grant MH 16584 from the National Institutes of Health. 
Received for publication October 19, 1970. 

1. The trials remaining after dividing by 7 were randomly distributed 
among the seven blocks with two restrictions: that no block for any 
subject have more than one ‘extra’ trial, and that the extra trials be 
evenly distributed over blocks. 
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A SIZE-CONTRAST ILLUSION 
WITHOUT PHYSICAL SIZE DIFFERENCES 


Stanley Coren 
New School for Social Research 


A stereogram of equally sized circles produced a size-contrast illusion in 11 of 
12 observers, providing evidence that the illusion is of central origin and 
occurs sometime after the operation of the constancy mechanism. 


One of the size-contrast illusions best known is the Ebbinghaus figure 
(frequently referred to as Titchner's circles). In this figure a circle sur- 
rounded by small circles is seen as larger than a circle surrounded by 
large circles. Although frequently reproduced in elementary texts, very 
little work has actually been done on this configuration, and an adequate 
explanation of its effect is still lacking. 

Ohwaki (1960), Springbett (1961), Day (1961), and Schiller and 
Wiener (1962) have shown, however, that the illusion is probably not 
of retinal origin, since the test and inducing elements can be placed 
into different eyes and the illusion still seen in the fused image. Further 
evidence that central processes may be involved is found in the demon- 
stration shown in Figure 1. When stereoscopically fused the top config- 
uration appears as a central disc with four surrounding circles imaged 
some distance behind the plane of the central test circle; the lower con- 
figuration has the central disc at the same stereoscopic distance as the 
test disc in the first group, but the surrounding circles are seen as con- 
siderably closer. By the operation of size constancy the surrounding cir- 
cles that are apparently closer appear smaller than the surrounding cir- 
cles that are apparently farther away, although all of the circles in the 
figure are physically the same size. 

The relevant question has to do with the apparent size of the central 
circles in Figure 1, those circles which are stereoscopically at the same 
distance. Twelve observers were used, all with normal or corrected 
visual acuity of 20/25 or better and with normal stereopsis as mea- 
sured on a Keystone telebinocular. T hey viewed the figures through a 
lens Stereoscope and were asked to judge the relative size of the central 
discs in a forced-choice paradigm. After the first judgment, the left and 
right views were interchanged so as to reverse the disparities and the 


| 
re 1. A stereogram that produces a size-contrast illusion without physical | 


subjects were required again to judge the relative size of the central 
circles. In 11 out of the 12 observers, the central disc surrounded by tbe 
apparently larger circles appeared smaller than the central disc sur- 
rounded by the apparently smaller circles. This is significant, with p < 
01 by a sign test. 

This finding would seem to indicate that this size-contrast illusion i 
not only of central origin but occurs sometime after the operation of the 


i 
constancy mechanism. Although there is no immediate explanation for | 
the phenomenon, it is interesting that Gregory's theory of illusions 
(1966) requires that illusionary distortions occur at the same level or after 
the operation of constancy scaling. This demonstration indicates that 
size-contrast illusions may occur beyond that level. 


Notes 

Received for publication December 3, 1970. 
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AN INSTRUMENTAL-LEARNING TASK 
FOR HUMAN SUBJECTS 


In«mao Liu and Chorping Hui 
National Taiwan Unicersity 


The task proposed involves a space in which a chain of instrumental acts takes 
place, and a program the nature of those acts. The space sad the 
program are manipulatable, and both affect instrumental karn- 
bg Experiments I and II study the properties of the space; Experiments II 
and IV, the nature of the program. 


| but it seems to require an unusual skill. 


From the standpoint of experimental analysis, however, it is desirable 
to have a task in which each required act can be manipulated inde- 


of points. The program is made up of a certain number of directions, 
each direction telling the subject how to move from a point in the space 
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to the next. This task enables the experimenter to manipulate the charac- 
teristics of the space (within which a chain of acts takes place) sep- 
arately from the program (which specifies the nature of that chain). 


THE TASK ITSELF 


A space consisting of n X n matrix points is printed on a sheet of pa- 
per. Two adjacent points are always separated by a distance of 1 cm. 
(The point of the ith row and jth column is henceforth referred to as 
point ijj.) The subject's task is to place his pencil on a marked starting 
point in the space and then consecutively to draw a circle around each 
of the correct points in the space by following each of a consecutive se- 
quence of directions—the program. 

There were several types of directions used in the present experiments. 
For the direction <>, the subject was required to move from a given 
point to the point symmetrical with it on the vertical axis bisecting the 
space. For instance, starting from point 2,3, with this direction the sub- 
ject was to move to point 2,6 in the space of 8 X 8 matrix points. The 
directions 1 and 7 (or N ) were similarly defined; they carried the 
subject from point 2,3 to points 7,3 and 3,2 (or 6,7) respectively. For the 
nonsymmetry directions 2» (ог <, 2, 2|), 3 7 (or 37, N 3, У 3), and 
1,2 (0г 9, Ф 2 2), the subject was respectively to move to the 
point two steps away, to the point three steps in the indicated diagonal 
direction, and to the point one step away horizontally plus two steps 
away in the vertical direction. 

The experimenter first explained the meaning of the various types of 
directions in the programs to the subject. On each trial, the subject had a 
sheet of paper on which a space of n X n matrix points was printed. He 
was instructed in advance to place his pencil on the marked starting 
point, then to move to successive points by following the program of 
directions. When he made an error by drawing a circle around a wrong 
point, he was informed immediately and was asked to move his pencil 
back to the last correct point to continue anew. As soon as his pencil 
reached the starting point, a clock started; it was stopped when he drew 
a circle around final point of the program. Figure 1 shows the correct 
moves for a subject following the program of Experiment I. 


EXPERIMENT I 


By analogy from maze situations, it is easily predicted that subjects 
should take more time to complete a longer program than a shorter one. 


INSTRUMENTAL-LEARNING TASK 569 


° ك‎ e ЖЛ © ML UN 
3 9. 9). « "s. «Xe 
А е P ‘se E © . 
e e . . MO) . 25g А 


4 
е LJ . 


„ Q9... 1O 


Fig. 1. Execution of the program of Experiment I (1. 2,9 7,1 Ф, 
N) in the space of 8 X 8. A point with a square around it is the starting 
point. The dotted line indicates the path of carrying out the program. 


However, the space in which they complete a program should be a more 
interesting variable to study. With the same program, it might take them 
longer time to complete the task in the space of 16 X 16 than in the 
space of 8 X 8. Experiment I investigated this ‘size’ property of the 
space. 


Method 


— Subjects and task— The subjects were 30 juniors in the department of psy- 
chology; they participated in the experiment to fulfill part of a course require- 
ment. They were divided into three groups according to order of their ap- 
pearance, each group being assigned to one of the three spaces: 4 X 4, 8 X 8, 
or 16 x 16. The program used for all three groups consisted of six directions: 

‚ 25,5, 2 7, 1Ê , and N The starting point was always point 2,9. Each 
subject was run 20 massed trials. 


Results and discussion 


Figure 2 shows the mean time to complete the program for each trial 
block for each group. Irrespective of difference in the number of points 
in the spaces on which the subjects worked, it took about 20 trials to 
reach asymptote; there was practically no sign of improvement during 
the last three trials. At the beginning of training, the three groups dif- 
fered considerably in such a way that the subjects working with the 
larger' spaces took much more time to complete the program. As train- 
ing proceeded, the difference in time became smaller, although the di- 
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rection of difference was the same throughout. An analysis of variance 
showed that the variables of space size and training had significant 
effects [F(2, 27) = 29.21, p < 001; and F(9, 243) = 235.61, p < 001, re- 
spectively]. Their interaction, indicative of convergence of the absolute 
magnitudes of time in the course of training, was also significant [Е(18, 
243) = 13.24, р < .001]. 


TIME IN SEC 


1-2 3-5 6-8 9-11 12-1415-1718-20 
TRIAL BLOCKS 


Fig. 2. Acquisition curves showing the effect of space size 


A preliminary study had shown that the length of path (as opposed to 
length of program) was not an important determinant of the time re- 
quired to complete a program. In the present case, the lengths of path 
required to complete the program in the spaces of 4 X 4, 8 X 8, and 
16 X 16 were 14.6, 15.8, and 49.4 cm respectively. But although the 
difference in path lengths for the spaces of 4 X 4 and 8 X 8 was negligi- 
bly small, there was a reliable difference in time required to complete 
the program between these two groups. 

The obtained differences in time to complete the program must be 
attributed to the difference in carrying out the directions {, = 

№ in the different spaces. In carrying out the instrumental act required 
for each of these symmetry directions, the subject had to select the 
correct point from a greater number of points when he was working in 
the larger spaces. In other words, the larger amount of information was 
associated with the larger space. Taking performance levels on the last 
trial block as asymptotes, it is apparent from Figure 2 that the time re- 
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quired to complete the same program in the different spaces was ap- 
proximately linear with the amount of information associated with the 
spaces. This is because the difference between the amounts of informa- 
tion in the 4 X 4 and 8 X 8 spaces was the same as the difference be- 
tween the 8 X 8 and 16 X 16 spaces. 


EXPERIMENT II 


Even if the length of path per se in a space is not important in de- 
termining the time required to complete a program, some other charac- 
teristics, such as the locus of path in that space, might be. For example, 
if the starting point for the symmetry directions is on the margin of a 
space, its destination point should be also on the opposite margin of 
the space, as that would undoubtedly (it seemed) facilitate the sub- 
jects’ selection of the correct destination point. The hypothesis, in 
brief, was that the locus of path and the overall information in a space 
might both be factors in determining the time required to complete a 
program. 

Consider an 8 X 8 space. This space (L) can be divided into two 
subspaces: the first (1) consisting of all those points (ij) such that i or 
і = 1,2, 7, or 8; the second (La) consisting of the rest of the points. In 
this way, the second subspace consists of the inner 4 X 4 space by de- 
leting the first and last two rows and two columns of the original 8 X 8 
space. 

Obviously, if the starting and all successive points of a program are 


be shorter than a program whose starting and successive points are all 
within Le subspace—if it is indeed more difficult to select middle 
points than marginal points. Secondly, by the same logic, if the starting 


Method 


—Subjects and tasks—The subjects were 12 graduate students in the depart- 
ment of psychology. They voluntarily participated in the experiment. 
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The conditions of this experiment are presented in Table 1. In condition 
L, each subject was required to carry out a program in the L space of 8 x 8, 
However, the starting and successive destination points were all within L, 
subspace. Each subject in condition 1. was presented the same L space, but 
the starting and destination points were all within L, subspace. In condition 
L;-alone each subject was presented the L space of 4 X 4 alone. For each 
condition, two different programs were prepared. 


— Procedure—Each subject worked on a program in each condition. The se- 
lection of either of the two programs for each condition and their ordering in 
the three conditions were counterbalanced between subjects. For each pro- 
gram, each subject worked for 20 trials. 

Since this is a within-subjects design, the same program requiring the same 
locus of path was not used under conditions L, and L,-alone. However, the 
programs were so chosen that their lengths of path were approximately equiv- 
alent (see the averages for path length in Table 1). 


Table 1. Design for Experiment II 


LX Average 
Condition Starting Program directions Path d 
point length length 
га 3 4 E © (um) iu 
, TUM 
sxs 17 y ۾ ج جه‎ y 192 
si 33 ie y 4 14.6 
Ir ! A vin diis 15.6 
iM NEU. To emu 166 
"Y 2 1 2 
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Results and discussion 


In the course of training within each condition, performance under 
condition L;-alone was found to be consistently superior to that under 
condition Ls, and performance under condition Lı was also superior to 
that under condition Ly. An analysis of variance showed that the con- 
dition, training, and their interaction were all significant sources of 
variance [F(2, 22) = 112.34, p < .001; F(9, 99) = 229.41, p < .001; and 
F(18, 198) = 9.28, р < .001, respectively]. The significant interaction 
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illustrates again the convergence phenomenon found in Experiment 1. 

Considering performance on the last three trials as at asymptotic 
levels, this performance level under condition L;-alone was superior to 
those under conditions Le and L, [t(11) = 7.17, p < .001; and (11) = 
3.15, p < .01, respectively]. In addition, asymptotic performance under 
condition L, was superior to that under condition La [t(11) = 431, 
p « 01]. Specifically, the mean asymptotic performance (in seconds) 
and the standard deviation for the L, subjects were 4.27 and 1.11 re- 
spectively, for the Ly subjects they were 5.26 and 1.29, and for the 
L,-alone subjects they were 3.83 and 1.11. 

Although the length of path of a program in condition L, was sys- 
tematically longer than in condition La, the superior performance under 
condition L, compared to that under condition Lz must be due to the 
locus of path, since performance under condition L,-alone was superior 
to that under condition Ly even though the lengths of path were ap- 
proximately equal in these last two conditions. 

Since each subject was given three programs in Experiment II, it was 
also possible to obtain some index of reliability of the present task. Using 
asymptotic performance as the response measure, the correlations be- 
tween conditions Lı and La, between conditions La and Lz-alone, and 
between conditions L;-alone and L, were respectively .79, .84, and .90. 
Therefore, the present task is quite reliable. It is to be noted that this 
high reliability is based on asymptotic performance after intensive 
training on each condition. Practice effects usually showed up for the 
first few trials when the condition was changed from one to another. 


EXPERIMENT Ш 


Experiment III attempted to explore the nature of the group of in- 
strumental acts defined by the program. The question here was whether 
the acts depend entirely on the program directions per se (their se- 
quence) or on the starting and successive points (the path) those direc- 
tions describe. If the acts defined by a program depended completely on 
the program's starting point, for example, the same program with dif- 
ferent starting points could define entirely different groups of instru- 
mental acts. 

For this purpose, three experimental conditions sufficed. In the path- 
relevant condition, each subject carried out the same program from the 
same starting point for a given number of trials. In the path-irrelevant 
condition, each subject carried out the same program with different 
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starting points on successive trials. In the control condition, each sub- 
ject carried out different programs from different starting points on suc- 
cessive trials. If the performance under the path-irrelevant condition did 
not differ from that under the path-relevant condition, we would know 
that a program completely defines a group of instrumental acts without 
reference to its starting point (or here, its path). But if the performance 
under the path-irrelevant condition lay between those under the other 
two conditions, we would know that in defining a group of instrumental 
acts, a program partially depends on its starting point (or here again, its 


path). 
Method 


—Subjects—The subjects were 48 sophomores and juniors in the department 
of psychology. They participated in the experiment voluntarily. They were 
divided into three groups according to order of their appearance, with the 
sexes equally represented in the groups. 


—Tasks and procedure—For one group (path-relevant condition), each sub- 
ject was given the same program with a fixed starting point on 25 successive 
trials. Two programs were prepared, so that half of this group worked with 
one program and the other half with the other. For another group (path-irrele- 
vant condition), each subject was given the same program with varied starting 
points on 25 successive trials. Two programs were used, as in the path-relevant 
condition. For still another group (control condition), each subject was given 
25 different programs whose starting points differed from one another, on 25 
successive trials, All the programs in Experiment III consisted of six directions, 
and the space of 8 x 8 was used. 


Results and discussion 


Again, the average of the last three trials was obtained for each sub- 
ject and used as asymptotic performance level. The means of those 
averages and the standard deviations were 4.68 and .94 respectively for 
the path-relevant subjects, 10.19 and 1.99 for the path-irrelevant sub- 
jects, and 13.77 and 2.33 for the control subjects. Although performance 
under the path-irrelevant condition fell between those under the two 
other conditions, it was closer to the control condition. 

An analysis of variance showed that asymptotic performance was 
significantly affected by experimental condition [F(2, 46) = 43.16, p < 
001]. Further analyses showed that performance under ће path-rele- 
vant condition was superior to that under the path-irrelevant and control 
conditions, and that performance under the path-irrelevant condition 
was superior to that under the control condition [t(46) = 5.62, р < -001; 
1(46) = 9.28, p < .001; and (46) = 3.65, р < .001, respectively]. 
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The improvement in performance with varying programs and varying 
starting points (control condition) shows the so-called learning to learn. 
Since this is a well-known phenomenon, no particular statistical analysis 
was made. However, the fact that performance under the path-irrelevant 
condition fell between those under the other two conditions demon- 
strates yet another phenomenon—that in defining a group of instru- 
mental acts a program depends partially on its starting point or, equiva- 
lently here, on the path it describes. With repeated trials in the 
path-relevant condition, the subjects apparently learned the program as a 
group of directions as well as by its path. When the path was experi- 
mentally separated from the directions used to define the program (path- 
irrelevant condition), performance was inferior to that in the path-rele- 
vant condition, where the subjects could also rely on the specific path to 
help them carry out the program. Nevertheless, since performance under 
the path-irrelevant condition was superior to that under the control con- 
dition, the subjects also learned the program as a group of directions 
independent of its path. 


EXPERIMENT IV 


Experiment IV was also concerned with the nature of the group of 
instrumental acts defined by the program. The main problem here, how- 
ever, had to do with the similarity of groups, or chains, of instrumental 
acts. Consider several programs each of which consists of six directions. 
À given program certainly seems more similar to a program whose ini- 
tial five directions are the same as its own than to a program whose initial 
four directions only are the same. An analogous statement should apply 
(we hypothesized) to a collection of programs whose initial segments 
of directions vary from one another while the last parts of directions are 
the same. 

In view of the results of Experiment III (namely, that the group of 
instrumental acts defined by a program depends on the sequence of 
directions as well as on its path), Experiment IV attempted to study two 
types of similarity among a collection of groups of instrumental acts. 
For one type of similarity, the standard group (chain) of instrumental 
acts was defined by a fixed sequence of directions with a fixed starting 
point. The first or last parts of the sequence of directions were then 
systematically varied for comparison with the standard, the chains thus 
constructed being thereby equivalent to the test stimuli in experiments 
on stimulus generalization. For another type of similarity, the standard 
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chain of instrumental acts was defined by a fixed sequence of directions 
with varying starting points. In other words, the path with these latter 
chains was not fixed. As in the case of the first type of similarity, however, 
various chains of instrumental acts were generated on the test trials by 
systematically varying the first and last parts of the sequence of di- 
rections. 


Method 


—Subjects— The subjects were 28 students in the department of psychology 
at Chung Yuan Christian College of Science and Engineering. They 
in the experiment voluntarily. 


—Procedure—The subjects were divided into two groups according to order 
of their appearance. For one group (group FPS), the training trials had each 
subject working on a fixed program with a fixed starting point. On the test 
trials, which were interspersed among the last part of the training trials, the 
following five types of programs were administered once each: (a) a program 
whose last direction differed from the standard program; (b) a program 
whose last two directions differed from the standard; (c) a program whose 
first direction differed from the standard, implying that the starting point dif- 
fered from the standard and that, after carrying the first direction, the remain- 
ing directions as well as the remaining path were the same as the standard; 
(d) a program whose first two directions differed from the standard; and 
(e) an entirely different program with a different starting point. 

For another group (group FP), each subject worked on a fixed program 
with varying starting points on the successive training trials. There were also 
five types of test trials, corresponding to those for group FPS. The only dif- 
ference was that there was no standard fixed path. 

For both groups the first 25 trials were the training ones with the standard 
program. Then, the five test trials interspersed among further training trials 
were administered, their order systematically varied between subjects. The 
numbers of training trials inserted between two consecutive test trials were 
4, 2, 3, and 3. Thus for each subject 37 training and 5 test trials were run. For 
each group, there were two standard programs and corresponding sets of 
test programs. Half of the subjects in each group received one standard pro- 
gram and its accompanying test programs; the other half, another standard 
program with its accompanying tests. All the programs consisted of six direc- 
tions, and the space of 8 x 8 was used throughout. 


Results and discussion 


On the question of path similarity, it is the data for group FPS that 
are relevant. The upper part of Table 2 shows the forward- and back- 
ward-generalization gradients obtained when the path described by the 
standard program was systematically varied on the test trials (by 
methods a through e above); the time it took to complete the standard 
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program was obtained by averaging the last three training trials before 
administering the first test program for each subject. The entries in the 
row for the forward-generalization gradient represent those cases in 
which the initial path was the same as the standard and the remaining 
path was different (F, and F;); the entries for the backward-generali- 
zation gradient, those cases in which the final path was the same and 
the initial path was different (B, and B,). 

Both forward- and backward-generalization gradients showed that 
the time required to complete a test program increased as the test in- 
creasingly differed from the standard. Separate analyses of variance 
showed that paths (here expressed as programs) varying in their simi- 
larity were significant sources of variance [F(3, 39) = 36.51, p < .001; 
F(3, 39) = 48.80, р < .001] for both forward and backward cases re- 
spectively. 

In comparison with the forward-generalization gradient, the back- 
ward gradient was slightly elevated in the middle. An analysis of vari- 
ance based on the data of the two middle points of the dimensions 
showed that forward generalization did not differ from backward gen- 
eralization [for Ез, Fs versus Ву, Bs, Е(1, 13) < 1]. However, the per- 
formance difference between the two middle points of the dimensions 
was significant [for Fı, В, versus Fs, Bs, F(1, 13) = 7.36, p < .05], indi- 
cating that the gradients were fairly sharp. 

The question of program similarity refers to the manipulation for 
group FP. The lower part of Table 2 summarizes the forward- and back- 
ward-generalization gradients obtained when the standard program per 
se was systematically varied in the test trials (again, by methods a through 
e above). In both cases, the time required to complete a test program 
increased as the test differed gradually from the standard, resulting in 
typical, smooth gradients [F(3, 39) = 7.74, p < .001; and F(3, 39) = 9.33, 
p < .001] for both forward and backward generalization respectively. 

By restricting the data to the two middle points of the dimensions, an 
analysis of variance revealed that the forward generalization did not 
differ from the backward generalization [for F;, Fs versus Bi, Ba, 
F(1, 13) = 3.32] and that the two middle points of the dimensions did 
not produce a performance difference [for Fı, B; versus Fa, Ba, F(1, 13) = 
1,81]. 

i brief, the generalization gradients obtained along the dimension of 
path similarity were steeper than those obtained along the dimension of 
program similarity. Asis evident from Table 2, the two types of gradients 
crossed each other. It took group FPS more than four times as many 
seconds to complete an entirely different program than it did to complete 
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Table 2. Forward- and backward-generalization gradients for different types 
of similarity 


Standard Е; or B, F, or B, Different 


Path similarity 
(Group FPS) 
Forward M 3.99 12.22 14.83 16.51 
generalization SD .95 3.75 4.01 4.26 
Backward M 3.99 13.26 15.14 16.51 
generalization SD .95 3.29 4.75 4.26 
Program similarity 
(Group FP) 
Forward M 8.23 12.26 12.33 13.60 
generalization SD 2.53 3.63 3.81 4.05 
Backward M 8.23 10.70 11.17 13.60 
generalization SD 2.53 2.58 2.39 4.05 


Note: F, or B, refers to a program whose last or initial direction differs from 
the standard; Е, or В, to a program whose last or initial two directions 
differ from the standard. Data in seconds of time to complete the respec- 
tive programs. 


the standard program, whereas it took group FP less than twice as many 
seconds to complete an entirely different program than it did to complete 
the standard program. 

The finding of the steeper generalization gradients along the dimen- 
sion of path similarity is easily understood, since the experimental 
manipulation of path similarity actually involved both path and program. 
That is, the program itself was manipulated in order to induce changes 
in the path it defined, whereas the experimental manipulation along the 
dimension of program similarity involved only the program per se inas- 
much as the path varied for the standard program as well as for any 
test program. Therefore, the difference between two points on the di- 
mension of path similarity (group FPS) was actually much larger than 
the difference between the two corresponding points on the dimension of 
program similarity (group FP). It naturally follows that the larger dif- 
ferences between the standard and test programs for group FPS pro- 
duced greater decreases in performance level. 
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The finding that—with time required to complete the standard pro- 
gram as base level—it took much longer to complete an entirely different 
program in group FPS than in group FP is also consistent with the 
findings of studies on problem-solving set (Gardner and Runquist, 
1958). In those studies, the subjects were given a series of problems to 
be solved successively by a given mode of attack and then tested on a 
problem for which the mode was inappropriate. In a similar sense, the 
subjects of group FPS used a much more fixed mode of attack during the 
training trials. 

Finally, the finding of no significant difference between forward and 
backward generalization implies that changes introduced at the be- 
ginning of the program for a chain of instrumental acts behave in ap- 
proximately the same way as changes introduced at the end. However, 
given the relatively small number of subjects used in the present experi- 
ment, it can be safely concluded only that the difference may not be 
large. 


CONCLUSION 


The task used in the present study is hardly classifiable as one of 
skill learning, since the motor skill involved is minimal. It belongs, 
rather, to the domain of problem solving. Still, the subject knows ex- 
actly what to do for each direction in a program. It is indeed a very 
simple problem-solving task, although the complexity of a program may 
be increased without limit. Mowrer (1950) aptly classified instrumental 
learning as problem solving. According to the present results, some prob- 
lem-solving variables such as set behave quite similarly. 

Because the chain of acts demanded by the sequence of directions in 
a program leads the subject to a goal, the task used in the present study 
properly represents a kind of instrumental learning. From the standpoint 
of experimental analysis, the present study separated two aspects of this 
learning: that of the space within which a chain of instrumental acts 
takes place, and that of the program which dictates the nature of those 
acts. Experiments I and II studied the properties of the space. Both the 
size of (the information in) the space and the locus of the path of acts in 
that space affect learning. Experiments III and IV studied the charac- 
teristics of the program. Both a program per se and a program with a 
fixed path define chains of instrumental acts, and the generalization 
gradients determined by these two kinds of chains have different slopes. 
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Notes 


This study was supported by a grant from the National Science Council to the 
first author. Experiments I and II were conducted by the second author in 
partial fulfillment of the requirements for the M.S. degree under the direction 
of the first author. The assistance of Sin-tsi Lin and Mei-chih Li in collecting 
the data of Experiments III and IV respectively is gratefully acknowledged. 
Received for publication December 11, 1970. 
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DIMENSIONAL SHIFTS WITH VERBAL UNITS 


Gale Bishop and Jerome Smith 
University of Connecticut 


College-student subjects trained on a CVC discrimination problem with a uni- 
dimensional solution were next given a transfer problem solvable by intra- 
or extradimensional shift. They then sorted decks of CVCs along the four ex- 
perimentally manipulated dimensions: meaningfulness, rhyming similarity, 
color, and size. The intradimensional shifts were easier but produced in- 
creasingly longer sorting times, and these transfer effects showed up on all 
four dimensions. 


Contemporary theories of visual-discrimination learning have shifted 
away from a concern with the response to specific positive and negative 
cues in a discriminative situation (Hull, 1943; Spence, 1936) and have 
moved toward an emphasis on the mediational response to common 
stimulus dimensions of both cues (Kendler and Kendler, 1962; Lovejoy, 
1969: Zeaman and House, 1963). The mediational approach recognizes 
the role of perceptual dimensions in discrimination learning and forms 
a useful explanatory base in animal (Mackintosh, 1965), child (Shepp 
and Turrisi, 1966) and adult (Isaacs and Duncan, 1962) studies. It has 
proven useful with different subject populations, with different kinds of 
visual materials (Zeaman and House, 1963), and with other sense 
modalities (Brown and Smith, 1967; Smith, Anderson, Cunningham, and 
Sjoberg, 1967). 

But the mediational view has not found so congenial a home in the 
area of discrimination of verbal units. Bogartz (1965) was able to dem- 
onstrate differences between reversal and partial-reversal shifts when 
the CVCs used as stimuli lacked the obvious dimensional differences that 
are comfortably handled by a mediation theory. Kendler, Kendler, and 
Sanders (1967) found the expected differences between reversal and 
half-reversal shifts when words were the stimuli but could only find a 
suggestion of predicted effects when CVC trigrams were the stimuli. 
Indeed, the verbal-discrimination task itself (Ekstrand, Wallace, and 
Underwood, 1966) is designed so that perceptual dimensions other than 
frequency of item occurrence cannot form a basis for discrimination. 
Ekstrand et al. do not deny that other perceptual dimensions may serve 
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as a basis for discrimination of verbal units, but their frequency theory 
was formulated to account for performance in their task. 

The present study was designed to discover whether the effects pre- 
dicted by a mediational view and found in a diversity of situations are 
also to be found when verbal units are discriminated along dimensions 
other than frequency. The dimensions under investigation were of two 
types, those naturally associated with verbal stimuli (the ‘linguistic’ di- 
mensions of meaningfulness and rhyming similarity) and certain ‘non 
linguistic’ dimensions (color and size). 

The role of mediation was studied by means of the intradimensional- 
shift and extradimensional-shift paradigms (Zeaman and House, 1963). 
In the intradimensional shift the dimension relevant to the solution of a 
problem in acquisition remains relevant to the solution of a problem in 
transfer, although different positive and negative cues are employed. In 
the extradimensional shift a dimension that was irrelevant during ac 
quisition is made relevant in transfer. Since extradimensional shifts re- 
quire a change of attention from one perceptual dimension to another, 
they should prove more difficult than intradimensional shifts and, but for 
some special circumstances, they do (Shepp and Turrisi, 1966). Dimen- 
sional potency was examined by looking at ease of solution of the origi- 
nal CVC problems for the four different dimensions. Е urther tests of di- 
mensional effects were made by asking for a series of ‘sorts’ of new items 
until all dimensions systematically varied had been discovered by the 
subject. 


METHOD 


—Subjects—The subjects were 240 male and female students in introductory 
psychology classes. Participation in the experiment partially fulfilled the 
course requirements. 


—Materials—Each of 16 CVC trigrams was block printed and centered on an 
unlined 4-by-6-in. index card. A stimulus card was assigned one of two possible 
values along each of four stimulus dimensions. The dimensions employed were: 
the color of the ink in which the CVC was printed, the size of the letters, mean- 
ingfulness as defined by Noble’s m’ (1961), and rhyming similarity to the 
other items in the card deck. The two values along each dimension were: gray 
or blue, 1%- or 2%-in.-tall letters, high meaningfulness (m' from 3.74 to 
4.22) or low meaningfulness (m’ from 1.04 to 2.50), and high similarity 
(items ending in AD) or low similarity (items ending in vowel-consonant 
combinations other than AD and having no consistent similar elements). Two 
additional decks of 16 cards each were prepared with the same dimensional 
variations but with new trigrams. The same high and low m' levels were 
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chosen, with the similar trigrams ending in AY for one deck and UN 
for the other, Color were orange or purple in one case amd yellow or 
green in the other, Size differences were 114 or 20 in. and 1 or 2 


—Procedure—During training each subject was randomly 
the four stimulus dimensions with the 
Ns. A deck of cards was selected and presented, one card at a 
instructions that the subject the 
to a rule the subject himself 
after cach card was presented, and a trial 
the deck of 16 cards. The decks used were counterbalanced so that 
decks were equally in each of the four groups. Cards were 
after each trial, and the training criterion was set at one errorless trial. 
reaching criterion the subject was given one overlearning, 
and requested to verbalize his solution. If criterion was not reached in 
trials, he was told the appropriate dimension for categorization and 
more trial. 

During transfer (‘shift’), each subject was given a new deck, with instruo- 
tions identical to those during training. Wei ot ба me eris o rud 
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(sort number 2). A maximum of six sorting opportunities (up through sort 
mumber 6) werp giyen t ашу 9 Б ККК КАЧ MN — 
color, size, meaningfulness, rhyming . Time measures 
taken from the time the subject got the deck until he completed a sort. If 
during any sorting period he went for 3 min without finishing a sort, he got a 
hint: the ter chose two cards distinguishable along all the dimen- 

Mons оп which the eee 
ged to two categories. 
hint, he was given increasingly obvious clues and questioned until he sorted 
the deck in a fashion other than he had previously. time 
was included as part of the particular sorting time. 


RESULTS 


Data for the training and shift portions of the experiment are pre- 
sented in Table 1. Both mean trials to criterion and mean errors to 
criterion are included. Since the two measures were highly correlated 
and analyses done on them produced similar outcomes, only the trials-to- 


Criterion analyses are reported. 
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Table 1. Mean trials (and errors) to criterion 


Training Shift 


Intra- Extra- Intra- Extra- 
dimensional dimensional dimensional dimensional 


Color 4.5 (22) 44 (21) 18 (1) 3.7 (19) 

Size 5.3 (31) 5.5 (31) 1.63 (1) 4.8 (28) 

Rhyming 1 
similarity 3.03 (8) 3.1 (9) 2,36 (5) 3.6 (16) 


Meaningfulness 4.46 (22) 4.2 (22) 2.16 (4) 4.0 (21) 


Training 


A 4 (dimensions) X 2 (shift conditions) factorial analysis of variance 
revealed significant dimensional effects [F(3, 232) = 21.63, p < 01]. 
Since the designations of intra- and extradimensional here refer only to 
the fact that the subjects were treated differently during the shift por- 
_tion of the experiment, no significant effects of shift or of the interaction 
of shift and dimension were expected, nor were they found (both Fs < 
1). The dimensional effect was further analyzed by means of Scheffe 
comparisons, which revealed that rhyming similarity was most easily 
learned (F > F' at a = .05), size was hardest to learn (F > F' at a = 
05), and that size and color combined were more difficult than meaning- 
fulness and rhyming similarity combined (F > F' at a = .05). 


Shift 


In the shift portion of the experiment, intra-extradimensional dif- 
ferences were expected, and a 4 (dimensions) X 2 (shift conditions) anal- - 
ysis substantiated the predicted ease of the intra- as opposed to the extra- 
dimensional condition [F(1, 232) = 121.8, p < .01]. The dimensional 
effect that appeared in the training portion of the study was washed out 
[F(3, 232) = 1.22, p > .05] by the interaction of dimension and shift 
condition [F(3, 232 = 4.83, p < .01]. The interaction is clearly illus- 
trated by order of ease of problem solution in the shift data of Table 1. 
Intradimensional subjects found size easiest, followed by color, m’, and 
rhyming similarity, while extradimensional subjects reflected the train- 


ing preferences and found rhyming similarity easiest, followed by 
color, m, and size. 
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Sort 


The time to sort for each shift condition on each of the first four sorts 
is presented in Figure 1. Intra- and extradimensional groups both re- 
quired increased sorting time as sort number increased, but the intra- 
dimensional groups required increasingly more time. A 2 (shift) 4 


(SECONDS) 


TIME 


MEAN SORT 


SORT NUMBER 


Fig. 1. Sorting time for intradimensional (ID) and extradimensional (ED) 
groups; data collapsed across dimensions 


(sort number) analysis of variance produced a significant effect of shift 
[F(1, 238) = 20.3, p < .01], a significant effect of sort number [F(3, 714) 
= 104.2, p < .01], and a significant interaction of shift condition and 
sort number [F(3, 714) = 3.7, р < .05]. Although the particular dimen- 
sion sorted is confounded with sort number in this analysis, the ratio- 
nale for collapsing across dimensions and analyzing shift X sort-number 
data was provided by an unsystematic distribution of dimensional pref- 
erences across the four sorts. Further support for the greater sorting 
difficulty of the intradimensional subjects is given by the number of 
hints they needed (78, compared to 48 for the extradimensional subjects). 


DISCUSSION 


The experimental findings (Table 1) clearly support a mediational ap- 
proach to discriminations involving verbal units. Despite strong dimen- 
sional preferences during training, changes in dimensional relevance (ex- 
tradimensional shifts) were always more difficult than changes only in 
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the cues of the dimension relevant during training (intradimensional 
shifts). Further indication of a broad kind of mediation is provided by 
the time-to-sort data in Figure 1. The intradimensional subjects had 
greater difficulty finding new dimensions to sort than did the extradi- 
mensional subjects, a difficulty attested to by their increasingly longer 
sorting times and their need for more hints. This difference may be 
thought of as a kind of learning-set difference, or as attention to a com- 
plex dimension such as change over experimental conditions, or perhaps 
in terms of experimental flexibility or rigidity as discussed by Schroeder 
and Rotter (1952). 

Meditational effects were demonstrated with dimensions not usually 
associated with verbal material (color and size) as well as with attributes 
more natural to verbal material (meaningfulness and rhyming simi- 
larity), The fact that nonlinguistic dimensions operated in the same 
fashion as linguistic dimensions within the same experimental frame- 
work provides further support for the role of mediation in the discrim- 
ination of verbal units. 

Demonstration of the transfer effects predicted by mediation theory 
does not establish the importance of a particular type of mediation 
theory, nor does it negate the frequency theory, which was formulated to 
account for the verbal-discrimination situation in which only frequency 
affords a basis for discrimination. However, it would seem reasonable to 
say that finding the same kind of intra-extradimensional difference with 
verbal units as those found with other discriminanda speaks to the gen- 
erality of theories that predict such transfer effects. 


Notes 


Reprint requests may be sent to Jerome Smith, Department of Echo 
U-20, University of Connecticut, Storrs, Connecticut 06268. Received for 
publication January 29, 1971. 
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ANNOUNCEMENT 


Senior Fulbright-Hays Program for 1973-1974 


The Committee on International Exchange of Persons announces that 
applications for senior Fulbright-Hays awards for lecturing and research 
during 1973-1974 in over 75 foreign countries will be accepted in the 
spring of 1972. Specialists in the field of psychology who are U.S. citi- 
zens and have a doctorate or college teaching experience are invited to 
indicate their interest in these 1973-1974 awards by immediately com- 
pleting a simple registration form, available on request from 

Senior Fulbright-Hays Program 

2101 Constitution Avenue 

Washington, D.C. 20418 
Registrants will receive the detailed announcement of available awards 
as soon as it is issued in the spring, in time to consider the possibilities 
and to apply before the closing date. July 1, 1972, is the deadline for 
applying for research awards, and it is the suggested date for filing for 
lectureships. 

Senior Fulbright-Hays awards generally consist of a maintenance 
allowance in local currency to cover normal living costs of the grantee 
and family while in residence abroad, and round-trip travel for the 
grantee (transportation is not provided for dependents). For lecturers 
going to most non-European countries, the award includes a dollar 
supplement, subject to the availability of funds, or carries a stipend in 
dollars and foreign currency, the amount depending on the assignment, 
the lecturer’s qualifications, salary, and other factors. 


588 


BOOK REVIEWS 


Julian Hochberg 
Columbia University 


The Mechanisms of Perception 
By Jean Piaget. New York: Basic Books, 1969. Pp. xxix, 384. $12.50. 


This translation of Mecanismes perceptifs covers some 20 years of Piaget's 
work in the area of perception, most of which originally appeared un- 
der the heading of Recherches sur le développement des perceptions in 
the Archives de Psychologie, between the years of 1942 and 1961. It is 
an attempt to explain a large body of data with one general theoretical 
system. In order to accomplish this task, given the broad range of topics dis- 
cussed, Piaget is forced to leave many of the central notions of his theoretical 
system rather loosely and incompletely defined. He does make an attempt to 
specify his theoretical position more precisely by using a system of algebraic 
statements that he refers to as a "relational language," but his symbols and re- 
lationships suffer from the same lack of specificity as his verbal constructs. In 
addition, the algebraic statements tend occasionally to obscure simple rela- 
tionships that could be more clearly stated in words. Despite these difficulties, 
The Mechanisms of Perception has many interesting and exciting elements. 

The heart of Piaget's perceptual system is an active observer who is con- 
stantly exploring the visual environment. The act of fixating a target, or shift- 
ing one’s attention to it, is called centration. Centration results in a systematic 
sampling of the elements of the visual array. When an element is sampled, it 
is called an encounter. When the eye is static, elements are successively 
sampled, and this sampling may be facilitated by microsaccades. Transports, 
or active eye movements, also result in encounters. It is postulated that the 
number of encounters determines the perceived length of a line. More en- 
counters tend to occur in the region of the field that is centered; this results 
in an overestimation of the size of the fixated target. In psychophysical experi- 
ments where there is a standard stimulus, the additional centrations result in 
the ‘error of the standard,’ or overestimation of the standard relative to com- 
parison stimuli. z ' 

The observer is not only actively moving his eyes, but he is actively making 
comparisons between elements in different parts of the array. These com- 
parisons, which are called couplings, result in perceptual over- and under- 
estimations, which operate in the same direction as size contrast when they 
are incomplete. If all possible comparisons were made between two adjacent 
elements, it is hypothesized, this type of perceptual distortion would be 
greatly reduced. 
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Since Piaget is dealing with relative over- and underestimations of the size 
of targets in the field, it is only natural that the primary focus of his theorizing 
and research is on the classical geometric illusions. He divides illusions into 
two classes, those which require an active observer for their occurrence and 
those which do not. He reasons that if an illusion figure is briefly presented in 
a tachistoscope, there is probably only enough time for a single centration to 
occur. If the illusion occurs under these conditions, it is said to be due to field 
effects, which are simply the relational properties of the visual array. These 
are called primary illusions. Unfortunately, some of the relational aspects 
required for theoretical coherence are not the actual lines in a figure, but 
virtual lines and constructions that must be mentally provided by the observer. 
The comparison of real lines to imaginary geometrical constructs is a major 
weakness in the interpretation of the primary illusions. Secondary illusions 
require active exploration and comparison. The hypothesis here is that these 
illusions increase in strength with increased exposure duration, since more time 
is then available for comparison and interaction. 

The distinction between primary and secondary illusions provides the basis 
for Piaget’s developmental thrust. Since secondary illusions depend upon ex- 
ploratory activity and since this activity becomes more important and syste- 
matic with age, there is a developmental increase in the magnitude of the 
secondary illusions. These same exploratory activities increase the likelihood 
of a more complete comparison of all relative attributes of a figure and hence 
reduce the magnitude of the primary illusions; thus, primary illusions de- 
crease with age. The hypothesized difference in exploratory activity as a func- 
tion of age is supported with eye-movement data. Piaget also mentions an 
interesting class of illusions in which the developmental trend rises to a maxi- 
mum and then declines. The argument here is that the younger observers lack 
the ability to achieve closure in complex figures and hence the relational attri- 
butes available to older observers are not yet apparent to them. After the 
ability to effect closure has been achieved, the exploratory mechanisms begin 
to compensate for the presence of the primary illusion. Data are provided to 
show that children have difficulty in achieving closure. 

At this juncture Piaget introduces another major theoretical construct, the 
notion of a scheme. A scheme is simply a generalization, set, expectation, or 
organizational predisposition that may arise as a function of repeated exposure 
to certain stimulus relationships. Thus, the Gestalt ‘good figures’ are seen as 
perceptual schemes. These schemes may now also serve to alter the nature of 
the percept. For instance, incorporating the Miiller-Lyer illusion as part. of a 
square reduces the magnitude of the distortion, since the scheme associated 
with squareness competes with the illusion. And with this arsenal of theoreti- 
cal constructs, Piaget now extends the range of his theorizing to include the 
perceptual constancies, causality, and the perception of motion, velocity and 
time—all of which, he contends, result from the construction of perceptual 
schemes based upon exploratory activity. 

The last 86 pages of the book are an attempt to show that perception and 
intelligence are related only in the sense that they both depend upon an active 
exploring observer, capable of assimilating information into conceptual as well 
as perceptual schemes. This discussion is mainly theoretical, and the experi- 
ments reported are only vaguely relevant to the issue. 
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The major contribution of this volume, in addition to bringing Piaget's per- 
ceptual work to the attention of the English-speaking community, is that it 
summarizes a massive amount of research on visual illusions, much of which 
contains developmental comparisons, In addition, its basic theoretical tenet— 
that the organism is continually active, constantly exploring the environment 
with eye movements, mental comparisons, and overt motor movements—pro- 
vides an interesting restatement of the basic empiricist-transactional view- 
point. The major weaknesses of the volume lie in the looseness or absence of 
definition of some of the major constructs, the obscurity of some of the alge- 
braic manipulations, and the failure to discuss possible alternative explana- 
tions in the course of his presentation. Most workers in the field will probably 
find that the positive aspects of this contribution far outweigh the negative. 


Stanley Coren, New School for Social Research 


The Perception of People and Events 
By Peter B. Warr and Christopher Knapper. New York: Wiley, 1968. Pp. xii, 
445. $10.00. 


The term ‘perception’ is used very broadly here, so that it shades off into 
impression formation, attribution, trait aggregation, inference, and implicit 
personality theory. Nevertheless, Warr and Knapper maintain throughout that 
perception of people and of objects will ultimately be explained by the same 
higher-order principles, and they devote an entire chapter to similarities be- 
tween object constancy and constancy in “person perception.” Such compari- 
sons are facilitated by a general information-processing model, which also 
provides an organizational format for the book. Within this format two very 
different projects are undertaken simultaneously: to report scores of original 
experiments conducted during a three-year investigation of factors related to 
British newspaper accuracy, and to meet the need for a comprehensive litera- 
ture review and textbook on person perception. , 

Previous research in this area can be divided roughly into two categories: 
studies of perceptual accuracy and studies of perceptual processes. Like most 
contemporary researchers, Warr and Knapper have focused on the latter, em- 
phasizing the following sequential components: (a) input, in the form of 
present stimulus information, present context information, and "stored stim- 
ulus person information"; (b) an “input selector," which is affected by a per- 
ceiver's stable characteristics and current state: (c) a processing center, which 
contains inference rules and combination rules and corresponds to what other 
researchers have called implicit personality theories; (d) output, in the form 
of affective and attributive responses and expectancies, which in turn serve 
as inputs to subsequent perception, to long-term memory, and to behavior 
formulation. This model, for which an elementary computer-simulation pro- 
gram has been written, aids substantially in pulling together what have often 
seemed isolated research topics, thus making it more apparent where further 
study is needed. 

In discussing the attributive component of their model, Warr and Knapper 
distinguish between episodic judgments (regarding someone's state during a 
particular sequence or episode of behavior) and dispositional judgments (re- 
garding someone's chronic state), which latter may refer to either overt or 
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covert attributes (say, ‘fingernail biting’ versus ‘being a nervous person’). 
Most studies of person perception have focused on dispositional judgments 
of covert characteristics, perhaps because these are crucial in making clinical 
assessments and are assumed central to other forms of social interaction as 
well. The authors’ research fits comfortably into this tradition. In a typical 
study they asked subjects to read about a person—often a British political 
figure such as Harold Wilson—performing in a particular situation—such as 
delivering a speech—and then to give their impressions of him on several 
semantic-differential scales. Typically, these included a few scales loading 
highly on each of the well-known evaluation, potency, and activity factors, 
plus unique scales relevant to the particular hypothesis under investigation. 
This paradigm was then altered in numerous ways to reveal effects of prior 
conceptions (that “stored stimulus person information”), of sex, personality, 
religion, and so on. In all, some 40 hypotheses were tested. 

Because this research grew primarily out of questions about newspaper 
accuracy, most of it involved communication about a social stimulus rather 
than direct encounter; no social interaction with the stimulus person was Ш- 
volved, As a result, the relationships between person perception and social 
behavior, as well as currently controversial hypotheses about self-perception 
and attribution of emotional states, receive less attention here than they de- 
serve. This is not meant as a criticism of the authors’ research program. In a 
modern industrialized society much of one’s information about socially sig- 
nificant events comes to him indirectly, already filtered, amplified, edited— 
already selectively perceived, sometimes by friends, often by professionals in 
the mass media. (The authors cite a United Nations study indicating that 
most people in the Western world consult at least one newspaper each day.) 
Thus it is extremely important to know how perception of public figures, an 
of their behavior in specific instances, is influenced by newspaper articles and 
photographs, the stimuli most often employed here. But many important ques- 
tions about social perception and its effects have to do with social interaction, 
with the behavioral and emotional responses of perceivers to immediately 
available social stimuli; and these questions are relatively neglected, consid- 
ering that this book is supposed to serve also as a text. For other reasons as 
well, the attempt to combine a research monograph with an elementary text- 
book is unsuccessful. The authors’ painstaking, occasionally esoteric experi 
ments are often unsuitable for a novice, as are the attempts to apply symbolic 
logic to the problem of trait inference and as are the preliminary efforts to 
write a computer-simulation program. The choice of newspaper articles as the 
main communication medium limits the range of issues considered and at the 
same time raises other issues (such as the influence of headlines and typog- 
raphy) that will not interest most readers. і 

А second weakness of the book stems from the authors’ heavy reliance on 
semantic-differential ratings. Their apt analogy between connotative and de- 
notative meaning, on the one hand, and covert and overt characteristics, on 
the other, reveals part of the problem. After stressing similarities between 
the perception of objects and people, and after noting the dearth of studies 
on the perception of the overt characteristics of people, they proceed to study 
covert characteristics, using an ambiguous measure. Does a rating on a "large- 
small scale, for example, reflect a judgment about Harold Wilson's physical 
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size or about his stature in some metaphorical sense? Moreover, the generality 
of the semantic differential makes it unlikely that the specific effects of the 
proposed model's various components can be disentangled, although it should 
be noted in the authors’ favor that they always analyze results scale by scale 
rather than from the combined, and ambiguous, factor scores. 

Finally it is appropriate to point out that—contrary to expectations raised 
by the title—there is little in this book about the perception of events (with 
the exception of one football game) and little discussion of how one would 
assess “event perception.” Social psychologists have been relatively careless 
about conceptualizing complex social organizations, social events (such as 
mass demonstrations), and physical events (such as earthquakes) simply as 
‘stimuli,’ Unfortunately, Warr and Knapper are not exceptional in this regard. 

Despite such limitations, this is an important and useful book, especially 
for researchers. The extended discussion of semantic-differential technique is 
a worthwhile supplement to the available literature, particularly for students 
of social perception. The choice of journalism as a source of stimulus materials 
adds unusual ‘ecological’ validity to some of the authors’ studies. The litera- 
ture review and the integration of previous findings make a significant con- 
tribution to current efforts to understand person perception, attribution, and 
interpersonal communication—topics which may soon displace attitudes and 
attitude change as the central concern of experimental social psychology. 


Philip Shaver, Columbia University 


Studies in Animal and Human Behavior, Vol. 1 
By Konrad Lorenz. Translated by Robert Martin. Cambridge, Mass.: Harvard 
University Press, 1970. 

This is the first volume of Konrad Lorenz’s early papers written during the 
years 1931-1942. They are excellently translated by Robert Martin, himself 
an ethologist, and credit goes to him and to the fact that he was able to dis- 
cuss questions pertaining to terminology with Lorenz himself. The book also 
contains almost 10 pages of Lorenz’s later notes and comments on his own 
papers, thus showing the reader how he regards many of his earlier ideas 
today. 

А has written an extensive introduction in which he comments not 
only on the evolution of his ideas but on how the basic ideas of ethology have 
been received and on how much of the criticism, centered around his own 
person, is characterized by a passion not usually found among scientists who 
disagree among themselves. Lorenz has used this opportunity to reply to his 
critics and has also commented on the more far-out speculations by Desmond 
Morris in The Naked Ape and by Robert Ardrey in his books—authors who, 
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The first paper, “Contributions to the Study of the Ethology of Social Cor- 
vidae” (1931) is, in Lorenz’s own words, “a good illustration of how that 
kind of knowledge [of the animal one is studying] is gained.” He calls the 
paper “a plain story, pure description, with precious little theorizing.” He did 
write about species-specific drive activity there, though, and made his first 
mention of imprinting and of how differently it is expressed in jackdaws as 
opposed to magpies. In this paper we see his acceptance at that time of classi- 
cal reflex theory as stated by Sherrington, and he relates how it took him six 
years to realize that his own observations were incompatible with Sherring- 
tonian reflexology and with Ziegler’s theory that innate motor patterns were 
chain reflexes. 

In 1932 “A Consideration of Methods of Identification of Species-specific 
Instinctive Behavior Patterns in Birds" was published. It is an account of the 
characteristics he employed in recognizing instinctive behavior patterns. It 
was written, according to Lorenz, at a time when he was not familiar with 
the writings of purposive and behavioristic psychologists in the United States. 

The third paper in this book is the famous 'companion' paper. Published in 
1935, it was entitled "Companions as Factors in the Bird's Environment" and 
was one of the first of his papers to be translated into English. It is primarily 
regarded as the paper in which Lorenz stated the basic criteria of the phe- 
nomenon of imprinting, a paper which can justifiably be said to have stimu- 
lated massive research in Europe and the United States from the 1950s on. 
The paper contains other important concepts—the concepts of the parent, in- 
fant, sexual, social, and sibling companion, of the innate schema, releaser, 
function, and so on. There is a detailed discussion of the instinct problem, 
leading into a discussion of McDougall's ideas. These latter were to be treated 
in more detail in his paper “The Establishment of the Instinct Concept in 
1937, as were Spencer, Lloyd Morgan, and the theory that “instinct, by 
becoming more and more strongly influenced by learning and intelligence, 
merges into the latter ontogenetically as well as phylogenetically.” Lorenz also 
used the idea of the spontaneity of behavior in his critique of the chain-reflex 
theory of behavior and dismissed the ‘instinct theory’ of the behaviorists be- 
cause of their lack of detailed knowledge of their animals. | 

The fourth paper, “Taxis and Instinctive Behavior Pattern їп Egg-Rolling 
by the Greylag Goose,” appeared in 1938. Here we find the first clear formu- 
lation of the orienting responses (or taxes, as they came to be called), which 
are reflex in nature, and of the innate motor pattern, which is physiologically 
something quite different. Lorenz credits his correspondence with Wallace 
Craig and the work of the physiologist E. V. Holst for his clear conceptualiza- 
tion of the ideas of appetitive behavior, innate releasing mechanism, and in- 
nate motor patterns, ideas which even today are such important concepts 11 
ethology. ‘Egg-rolling’ to retrieve an egg outside the nest is analyzed in de- 
tail, and various releaser characteristics, the habituation of the response, an! 
so forth are discussed. à 3 

The final paper in this book, “Inductive and Teleological Psychology, was 
published in 1942. It is a response to Bierens de Haan’s critique of Lorenz's 
theories. De Haan espoused all-encompassing explanatory concepts like in- 
Stinct and we see Lorenz contrasting these teleological ‘holistic considera- 
tions’ with inductive scientific research. 
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Those who have accused Lorenz over the years of labeling some behaviors 
as instinctive and accepting that as adequate explanation which requires no 
further research would do well to read this last-named paper. Those who are 
familiar with ethological work today will find that the evolution of the ideas 
traced in all these papers provides a ringside seat, as it were, of the work of 
Konrad Lorenz. And for all those who are interested in ethology and its rele- 
vance to other areas of behavioral study, this book should be required read- 
ing, since so many of the questions asked about ethology can be understood 
by reading these pages. I hope that the second volume will be available soon. 


Erich Klinghammer, Purdue University 


Verbal Conditioning and Behavior 
By J. P. Das. New York: Pergamon Press, 1969. Pp. vii, 163. $7.00. 


By the author's own acknowledgment, this book is not about what the title 
would suggest; namely, verbal operant conditioning related in some degree 
to Skinner's work. Skinner's name cannot even be found in the author index, 
although "Skinnerian" appears a few times in the text. A Hull-Spence orienta- 
tion is claimed but freely departed from, and the statement "we are eclectics" 
(p. 15) seems to fit the case. 

The book consists essentially of a summary of more than 20 research papers 
published during the previous 10 years by the author singly or with co-authors. 
At least one study has been done in each of a number of established research 
areas bearing in one way or another on the "problem of meaning," which, Das 
concludes, is "the central theme of this book" (p. 134). Topics treated include 
classical and instrumental conditioning, awareness, probability learning, me- 
diation and transfer of meaning, semantic satiation, hypnosis as verbal condi- 
tioning, and neurodynamics of verbal conditioning. Chapters are not tied 
together, and there is no clear line of development, except that there is an 
increase in the level of complexity of subject matters as the book progresses. 
Most of the papers were published in journals readily available to those likely 
to be interested. They were found, upon sampling, better organized and more 
readable than the warmed-over versions presented in this book. 


Ralph F. Hefferline, Columbia University 


The Phenomenology of Husserl: Selected Critical Readings 
Edited and translated by R. O. Elyeton. Chicago: Quadrangle Books, 1970. 
Pp. 306. $15.00; paperback, $2.95. 

This volume presents six essays primarily concerned with the development 
of Husserl's philosophy from the turn of the century to his death in 1938. Al- 
though the papers are dated from 1930 to 1962, none had appeared in trans- 
lation until this volume. The contributors to the volume are either former stu- 
dents of Husserl (such as Oskar Becker and Eugene Fink) or philosophers 
who have been involved in the preparation of his posthumously published 
collected works, The essays are all concerned with tracing the development 
of transcendental phenomenology. 

On the whole, this volume will be of little interest to psychologists, since 
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the relationship of phenomenology to psychology is barely mentioned and the 
major concern is with metaphysical issues. Of the six essays, the ones by Oskar 
Becker and Hans Wagner come closest to being relevant, as they contain an 
excellent presentation of phenomenological reduction—Husserl's major meth- 
odological innovation and the key to his system. 


Walter Cohen, State University of New York at Buffalo 
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ANNOUNCEMENT 


Summer Institute in Survey Research Techniques 


For the twenty-fifth consecutive year, the Survey Research Center of the 
University of Michigan will hold a Summer Institute in Survey Research 
Techniques. 

The Institute is designed to meet some of the educational and training 
needs of men and women engaged in business, governmental research and 
other statistical work, and also to meet the needs of graduate students and 
university instructors interested in quantitative research in the social sciences. 

The 1972 Institute in Survey Research Techniques will be presented in 
two four-week sessions; the first from July 3 to July 28, and the second from 
July 31 to August 26. These two sessions may be taken independently or 
successively. 

For further information, please write to 

Mrs. Helene Hitchcock 

Senior Administrative Assistant 
Office of the Director 

Survey Research Center 
Institute for Social Research 
P.O. Box 1248 

Ann Arbor, Michigan 48106 
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